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FOREWORD 


The Coal Division was organized to furnish closer cooperation among those 
interested in any way in coal, and to promote the advancement of this branch of the 
work of the Institute through meetings for the reading and discussion of professional 
papers connected therewith. Unquestionably, in these times of national emergency, 
with the coal industry facing many difficult problems in keeping the wheels of war 
industry turning at top speed and the homes and barracks heated, this objective is 
of utmost importance. During the two regimes represented by this ninth volume 
of Proceedings, under the able guidance of Chairman Newell G. Alford in 1942 
and Chairman Cadwallader Evans in 1943, it seems to the present chairman that 
the Division has functioned admirably in meeting its obligations. 

The papers included in this volume were selected with great care by the 
Publications Committee, under the chairmanship of John T. Ryan, Jr., and 
bring into permanent record the latest developments on many technical phases of 
the industry. 

The Coal Industry will face even greater problems in the postwar period. It 
will need a strong organization of technical men to improve its position technically 
and fight its battles. Appreciating this, the Division’s Membership Committee is 
engaged in an active campaign, seeking new members, and during the year 1943 
gained 153 members. During the last six months of 1943, 14 per cent of the applica- 
tions to the Institute were from the coal industry. 

Past Chairman Cadwallader Evans instituted a Coal Division booklet in 1943, 
which listed Committee membership and gave their functions. This practice is 
being continued by the present chairman. 

During the present year some reorganization of committees has taken place, 
with the object of promoting greater ease of functioning and expanding the activi- 
ties somewhat. A campaign is under way to raise a Scholarship Fund to aid quali- 
fied young men, who would otherwise be unable to continue their education beyond 
the secondary school, to study coal-mining engineering in accredited colleges and 
universities of their own selection. The far-sighted plan was developed by the Com- 
mittee on Promotion of Student Interest in Coal Mining and adopted by the 
Division at its annual meeting in February 1944. 

The divisional officers express their appreciation of the whole-hearted support 
received from committee chairmen and members, authors of professional papers, 
local committee chairmen for meetings and the many members who have taken 
an active part in promoting the affairs of the Division. 


A. W. GAUGER, 
Chairman, Coal Division. 
STaTE COLLEGE, Pa. 
August 15, 1944. 
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Anthracites and Semianthracites in the United States 


By ALLEN J. Jonnson,* Memper A.I.M.E, 
(New York Meeting, February 1944) 


ANTHRACITE coals have been divided into 
three groups: (1) meta-anthracite, a high- 
carbon coal that is usually very slow to 
kindle and difficult to burn, at least on 
conventional equipment; (2) anthracite, a 
high-carbon low-volatile coal of widely 
accepted value as both a domestic and 
industrial fuel; and (3) semianthracite, a 
coal lying between anthracite and bitumin- 
ous coal in carbon and volatile content, 
and also, generally speaking, in burning 
characteristics. 


ANTHRACITE GROUPINGS 


The technical differentiation between 
these groups, as defined by the A.S.A.- 
_A.S.T.M. Sectional Committee on the 
Classification of Coals, is as shown in 
Table tr. 


TABLE 1.—Classification of Coals by Rank} 


Limits of Fixed 
Carbon, Mineral- 
matter-free 
Basis 


Group 


Dry F.C. 98 per 
cent or more 


1. Meta-anthracite 


Dry F.C. 92 per 
cent or more 
And less than 98 

per cent 


Dry F.C. 86 per 
cent or more 

And less than 92 
per cent4 


Dry F.C. Less 
than 86 per 
cent 


2. Normal anthracite 


Anthracitic : = 
3. Semianthracite 


Bituminous : a 
/ I to 5 bituminous 
coals 


2¢Nonagglutinating. 


Manuscript received at the office of the 
Institute Dec. 1, 1943. 

* Mechanical and Combustion Engineer, 
Anthracite Industries, Inc., Philadelphia, Pa. 

1 References are at the end of the paper. 


II 


Tables 2 and 3 show typical analyses of 
anthracites and semianthracites and Figs. 
1 to 3 show graphically the range of analyti- 
cal samples. Table 4 shows the commercial 
sizes of coals. 


META-ANTHRACITE AND GRAPHITIC 
ANTHRACITE 


Typical analyses from virtually every 
field in the United States indicate that 
there are few if any extensive deposits of 
meta-anthracite. Some of the anthracites 
of Rhode Island contain almost negligible 
quantities of volatile and would thus fall 
into the meta-anthracite grouping on a 
basis of analyses alone. However, their 
other characteristics indicate that it is 
doubtful whether they should be considered 
as fuels at all, but rather as graphite. In 
fact, this material is being mined for use 
as foundry facings and furnace linings.* 
A typical analysis of Fenners Lodge 
graphite,‘ from Rhode Island, is: graphitic 
carbon, 55.9 per cent; silica (ash), 40.6; 
sulphur, 1.6; moisture, 1.9; volatile, o. 

Other Rhode Island coals possess per- 
centages of volatile that would throw them 
into the normal anthracite rather than 
the meta-anthracite class. However, this 
“volatile” is nearly all noncombustible,?.4 
being composed almost entirely of carbon 
dioxide and inert gases, therefore its 
definition as volatile is open to discussion, 
leaving the exact classification of the fuel 
a moot question. One factor is certain, 
Rhode Island coal is so different from nor- 
mal anthracite in both analysis and burn- 
ing characteristics that it should have a 
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TABLE 2.—(Continued) 


Type Coal 


te 
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ite 
ite 
te 


C1 


1 


cL 


thra 
anthrac: 

thrac 
anthrai 


lan 
lan 


m1, 
mi 


‘*Graphitic”’ anthracite 
True anthracite 

True anthracite 

Sem: 

Se 

Sem 

Semianthrac 


AVERAGE ANALYSES oF VARIOUS CoALs By STATES (EXCEPT PENNSYLVANIA) 


Location 


State 


ylvania. . 


Colorado..3<.... 
Penns 

iby -ahabl: etek a 
Washington... . 


New Mexico... 
Arkansas...... 
V: 


Rhode Island..... 
Colorado....... 


separate classification—possibly as graphi- 
tic anthracite. 


Narragansett Field 


The Narragansett field of Rhode Island 
and Massachusetts*:4 is a basin of 1000 
square miles, roughly including the part 
of Rhode Island that is east of Providence 
as well as the southeastern part of Massa- 
chusetts south of Brockton and east of the 
Massachusetts-Rhode Island state line. 

The coal is extremely variable in char- 
acter and quality, ranging from anthracite 
to graphite. However, virtually all of this 
coal possesses common undesirable char- 
acteristics that render it unsuitable for use 
on domestic equipment or with natural 
draft. Because of these, special handling, 
specific equipment, and undercover storage 
are practically requisites. 


These coal beds are neither uniform in thick- 
ness nor continuous. Compression has resulted 
in squeezing the plastic coal into more or less ° 
lense-like masses. As a result, the coal is so 
sheared and fractured that it possesses little 
coherence and is extremely friable, thus yield- 
ing a very large percentage of the smaller sizes. 
As most of the run of mine coal is of the small 
“‘birds-eye” size this fact alone mitigates 
against its use on natural draft. 

The fracturing of the coal has permitted the 
percolation of mineral bearing solutions which 
have deposited a material similar to asbestos 
or asbestos-quartz throughout the coal, thus 
materially increasing the percentage of non- 
combustible and rendering ignition extremely 
difficult. * 


Coal from the Narragansett field is 
extremely high in moisture content when 
first mined and, in fact, is hydroscopic, 
especially in the smaller sizes. As much as 
15 per cent moisture will be absorbed by 
dry coal in a relatively short exposure to 
moist air. As a result, the B.t.u. value is 
largely dependent upon the conditions of 
mining and storage. Air-dried coal will 
reach 10,000 or even 11,000 B.t.u. but the 
same coal may drop to 6000 to 8000 B.t.u. 
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upon exposure to moisture. As large lumps 
do not dry out quickly, the smaller sizes 
usually may be considered to have the 
higher heat values. 


TABLE 4.—Commercial Sizing of Coals 


INCHES 
Anthracites Semianthracites 
Size Arkansas 
Pennsyl- | New 
vania | Mexico 
Bernice} Sparda 
Blocks es icieb 0 14-7 
Grate and Bro- 
een fees ciara, 62a 434-34 4-244|714-444| 7-5 
(Broken) 1-4 
Furnace..... .. 74-24% 
ath SOS ORe 314-274 6|235-234|434-214 me 
4-2 
LOVE. 4 dee se os 214 6-154 24-4 a¥j-14 
RRATIPC sc. « «a5 234-58 
Base burner... 14-% 
CLOSE 6 een 14-% |14-% 
: 134-38 
Chestnut....... Sar 346 SIR. yh58 . 1-% 
Ce - - - —5 
Buckwheat..... LA seh —-Ke $e aid 
(ri 


Additional disadvantages include ‘“ex- 
plosive” burning due to entrained moisture, 
clinkering, and difficulty in washing with 
existing equipment, owing to high specific 
gravity (average of 8 samples = 2.00 
sp.gr.). 

One ton of this coal occupies 25 to 30 


cu. ft. as compared with 35 to 40 for normal | 


anthracite, thus leading to frequent con- 
sumer complaint of “short weight.” 

In spite of these manifold disadvantages, 
numerous attempts have been made to 
mine and market this coal for more than 
a century. Both coal and graphite have 
been mined at Portsmouth and near 
Cranston, Rhode Island. In Massachusetts, 
coal was once mined at Mansfield, but the 
workings have been filled with water since 
_ 1838 and little authoritative information is 
available. 

_ From 1860 to 1883, the Faunton Copper 


Co. used as much as 10,000 tons per year 
successfully to smelt copper ore from Cuba 
and South America. This project was 
abandoned only when the copper industry 
moved west. 

In 1887 the New York Carbon Iron Co. 
shipped 250 to 300 tons of Cranston coal 
each week to Pittsburgh, for making billets 
for blooms. 

Even briquetting was attempted but 
failed because of the low grade and high 
ash of the coal. 

In the past 60 years, only sporadic 
attempts have been made to mine Rhode 
Island coal for domestic consumption. 

A report to the Massachusetts Legisla- 
ture* summarizes the advantages and dis- 
advantages of Narragansett field anthra- 
cite as follows: 

Disadvantages: (1) irregular form and 
thickness of the coal beds; (2) intimate 
fracturing and friability of the coal; (3) 
large percentage of fine material in mining 
(main mine output would be smaller sizes) ; 
(4) high content of noncombustible mate- 
rial or ash; (5) high moisture content; (6) 
low heating value; (7) difficulty of com- 
bustion; (8) continual attendance neces- 
sary in burning it. 

Advantages.—Location in a region that 
is some distance from the nearest available 
fuel; hence low cost of delivery. 


SEMIANTHRACITE 


Semianthracite frequently is found as a 
part of veins or measures having a general 
bituminous or anthracite grouping. How- 
ever, the principal deposits of semianthra- 
cite in the United States are in Arkansas, 
Pennsylvania (Sullivan County), Virginia 
and Washington. 


Reserves and Production 


\ 


Reserves.—Fig. 4 shows the estimated 
reserves and approximate annual produc- 


*By W. F. Jones, Assistant Professor, 
Massachusetts Institute of Technology (in- 
cluded in reference 3). 
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tion of semianthracite in these several 
states. 


Arkansas.—Relatively extensive deposits 
of semianthracite are in Pope and Johnson 
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region and have suffered considerable 
folding, faulting, and erosion. 

The principal seam mined, the Harts- 
borne, has coals of three different ranks in 


o 19-4 


8 


CHREON 


DRY BRSIS PUKE 


1 A EWA A 
£66 cot 
“ot i 
aitige 
srove | el! cH 
ee 
Ss ineer| 
tle 
cal || 1 
fit =f 
alvin ale 
PEA iam fh eater 
trot ee re ima 
ee ieee ee 
over |e may 
TA ae! ime ene | 
ita at ioe 
60. 
ATRL on eee H 1 
nee EEE i H 
alee tro eee ath 
: 2S a : 
BARLEY | © | a! 
oS H 
: 2s Bat =a 
AVERAGE 8 au Enrica a 
wee) ttt 
Cea a Oi ledes t= ee ed 
[74s 8] op ar | 


Fic. 3.—RANGE OF ANALYSES OF PENNSYLVANIA ANTHRACITE, 128 BREAKER SAMPLES. 


Counties, in western Arkansas. Production 
represents about 15 per cent of the state’s 
output of coal. 

Although the Arkansas Geological Sur- 
vey divides this field into four districts, the 
entire area usually is referred to as the 
Sparda field,!° subdivided into the Bernice 
or Russelville field in southeast Pope 
County and the Sparda bed in the north- 
west (Johnson County). 

The coal beds are well exposed in this 


different localities—semianthracite, low- 
volatile and medium-volatile bituminous. 

Because this coal is the hardest in struc- 
ture and lowest in volatile found in this 
region, it is frequently called “‘Arkansas 
anthracite,”’ although the analyses clearly 
indicate that it is semianthracite in rank 
(Table 2). 

As frequently is characteristic of semi- 
anthracite, the ash-fusion temperature is 
low, the average being about 2180°F. The 
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sulphur content is also high as compared 
with other anthracitic coals (1.7 to 2.2 


per cent). 


In addition, the excessive folding of the 


as the region is operating at capacity 


production. 


Pennsylvania.—In Pennsylvania semi-_ 
anthracite is found in Sullivan County and 


PENNA. ANTHRACITE 
FULLIONS OF TONS 


Fic. 4.—PRODUCTION AND RESERVES OF ANTHRACITES AND SEMIANTHRACITES IN THE UNITED 
STaTEs, !2—16 
Includes all fuel mined, net tons. 


region would be expected to have produced 
a coal of high friability and large percent- 
ages of small sizes. Otherwise, the coal is of 
good analysis and quality. 

Since the inauguration of an effective 
smoke prevention campaign in St. Louis, 
this fuel has been in considerable demand, 


the western part of Wyoming County. 
Mines are at Bernice (Connell), Laporte 
(Rock Run), and Forksville (Monahan), 
Sullivan County. 

Some coal at the extreme western tips 
of the Pennsylvania anthracite region’s 
western middle fields (Northumberland 


a nell 
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County) and southern field (Dauphin 
County) analyze as semianthracites but 
only two small mines have been located in 


_ these tips and there are none in Wyoming 


County. 

The principal practical differences be- 
tween the physical properties of Pennsyl- 
vania anthracite and semianthracite are a 
higher volatile content with a tar deposit 
after combustion, somewhat more distinct 


laminations due to luster contrasts, more 


of a tendency toward a rectangular rather 
than conchoidal fracture, lower specific 
gravity (below 1.47), somewhat softer 
body (2.50 to 2.75 as against 2.75 to 3.00), 


-and more friable (so per cent as against 
~ 35 per cent). 


While these differences combine to form 
a coal that is distinctly inferior to true 
anthracite, they are unfortunately difficult 
to detect by any means other than through 
actual usage or an analysis and determina- 
tion of the moisture and mineral-matter- 
free percentages of fixed carbon. 
Colorado—In Colorado, both anthracite 
and semianthracite are mined in the 
Crested Butte field of Gunnison County. 
There is also a small isolated deposit of 
semianthracite in the Green River bitumi- 
nous field of Routt County, northwest of 
the town of Steamboat Springs. 
Semianthracite mined in this field is 
normal in all characteristics, including a 
low ash-softening temperature range of 
between 2150° and 2530°F. with a corre- 
sponding tendency to clinker. 
Virginia.—Semianthracite is mined ex- 
tensively in the Brushy Mountain field of 
Pulaski, Wythe, and Montgomery Counties 
in Virginia. Although small (3 per cent) as 


- compared with the Pennsylvania anthracite 


reserves, the estimated half a billion tons 


of. semianthracite in Virginia nevertheless 


SS ere 


forms the second largest reserve of anthra- 
citic coals in the United States. Further- 
more, because of proximity to Pennsylvania 


anthracite markets, this coal frequently is 


sold in competition where the common 


19 


trade name ‘Virginia anthracite” often 
leads to the impression that it is anthracite 
rather than semianthracite. 

However, by analysis there is no doubt 
concerning the accuracy of its classifica- 
tion as semianthracite. The highest mois- 
ture-mineral-matter-free fixed carbon of 
any sample reported by the Bureau of 
Mines’ was 90 per cent—two full per cent 
below the 92 per cent borderline between 
anthracite and semianthracite. The volatile 
analyzes as high as 12.6 per cent, with an 
average of 10.2 per cent, and the ash as 
high as 33.8 per cent (delivered sample) 
with a 17.8 per cent average. Thus clearly 
this is not a borderline coal. 

In one series of comparative tests,* 
Virginia semianthracite was found to have 
a use value approximately 88 per cent of 
Pennsylvania anthracite. As characteristic . 
of semianthracite, it burned much more 
rapidly, with greater difficulty of control. 
Considerable soot was emitted, thus add- 
ing to the inconvenience of the higher ash 
content. 

West Virginia—The U. S. Geological 
Survey map, Coal Fields of the United 
States, also shows deposits of anthracitic 
coal west of Harrisonburg in Buckingham 
and Augusta Counties, and in Berkley 
County, West Virginia (west of Martins- 
burg). No further data could be found by 
the author. 

W ashington —Semianthracite in the state 
of Washington lies in the extreme north- 
western county (Whatcom) on a ridge 
south of Glacier Creek and northwest of 
Mt. Baker. 

The thickness: of veins extends to 14 ft. 
or more but much of it is in the form of 
finely disintegrated crushed and weathered 
fragments, which appear to be soft. Impure 
laminated coal also usually forms a sub- 
stantial part of the veins. 

No production on a commercial scale 
has yet taken place and recent work has 


* Anthracite Industries Laboratory Report 
2212. 
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not developed beyond the prospective 
stage, because of these adverse properties 
and because of the lack of continuity and 
faults in the region. 


TRUE ANTHRACITES 


While scattered analyses of true anthra- 
cites sometimes are found in regions largely 
devoted to the production of semianthra- 
cite, and even bituminous, it is certain 
that the only commercial production of 
true anthracite is in the states of Colorado, 
Pennsylvania, and New Mexico, exclusive 
of the graphitic anthracite of Rhode 
Island. 

Of known reserves (Fig. 4), Pennsylvania 
has over 98 per cent. In production, 
Pennsylvania as of 1940 shipped all but 
about 50,000 tons of true anthracite and 
all but 400,000 tons of all anthracitic coals 
in the United States. 

For geographical reasons, the anthracites 
of Colorado and New Mexico are not com- 
petitive with Pennsylvania anthracite. 
Virginia semianthracite has been in com- 
petition as far north as Philadelphia. 
Pennsylvania anthracite and semianthra- 
cite are competitive, as are Pennsylvania 
anthracite and Arkansas anthracite in St. 
Louis—although St. Louis can hardly be 
called a logical marketing area for Pennsyl- 
vania anthracite. 

Pennsylvania.—Pennsylvania anthracite 
occurs in one region of approximately 500 
square miles in northeastern Pennsylvania. 
Four fields are recognized; the Northern 
field, Lackawanna and Luzerne Counties; 
the Eastern Middle field, Luzerne and 
Carbon Counties; the Western Middle field, 
Northumberland, Columbia, and Schuyl- 
kill Counties; and the Southern field, 
Schuylkill and Dauphin Counties. 

With the possible exception of the 
practically unmined extreme western tips 
of the Southern field, all coal mined in this 
region is true anthracite. 

Turner? has noted and plotted iso- 
volatile lines for the entire region, separat- 


ing areas of coals having similar analyses. 
There is some corresponding variation in 
burning characteristics, paralleling these 
lines; however, considering the area of the 
field, this variation is remarkably slight, 
all coal being of extremely uniform quality. 
In fact, in actual combustion the principal 
difference between any two Pennsylvania 
anthracites of equal preparation is in the 
adjustment of drafts to correspond to the 
burning index. In most cases even this will 
not be noticeable to the consumer. Prep- 
aration and sizing also have been standard- 
ized throughout the region. 

Considerable material has been published 
covering virtually all phases of the com- 
bustion and use of Pennsylvania anthra- 
cite and for the sake of brevity, this will 
not be repeated. The four Lehigh Con- 
ference Transactions and various Anthra- 
cite Industries reports and publications 
are recommended for further information 
and data. 

Colorado.—Colorado anthracite and semi- 
anthracite are found in the same fields. 
The analyses indicate a very satisfactory 
coal, with low to medium volatile, low ash, 
and high heat value. 


The unfavorable points are a relatively — 


low ash-softening temperature, with corre- 
sponding tendency to clinker; and the fact 
that both anthracite and semianthracites 
are found in the same location, which 
might lead to a variation in the quality of 
fuel obtainable from a given section. 

New Mexico.—New Mexican anthracite 
is mined in the small Cerrillos field of Santa 
Fe County. The coal is of good quality and 
excellent analyses, with 5.8 per cent vola- 
tile and 8.3 per cent ash. The ash-softening 
temperature is low 

Distribution is largely by rail to Arizona, 
California, Colorado, Kansas, Nebraska, 
New Mexico, Texas, and Wyoming. 

In recent years production has been 
materially held down by extensions of 
natural-gas pipe lines in the territory 
served. However, it is reported that with 
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O.P.A. ceilings as high as $9.05 the coal 
is at present moving on freight rates as 
high as $9.00 for a total price on sidings of 
$18.05. 


CONCLUSIONS 


Anthracitic coals are known to occur in 
eight states—Arkansas, Colorado, Penn- 
sylvania, Massachusetts, New Mexico, 
Rhode Island, Virginia and Washington— 
and there is a possibility of isolated un- 
-, commercial deposits as a part of seams of 
other ranks in other states. 

As coals cover a continuous range of 
analyses even in the same locality, any 
_ dividing line between anthracite and semi- 

anthracite must necessarily be arbitrary. 
This has been set at 92 per cent moisture- 
mineral-matter-free fixed carbon, not only 
because it seemed to be a logical division 
from a point of customary usage and 
nomenclature, but also, and more impor- 
tant, because coals below 92 per cent give 
a tar deposit upon combustion and coals 
above 92 per cent do not. Furthermore, 
semianthracites, by reason of higher 
volatile, burn faster and usually, al- 
though not always, clinker more readily. 
Therefore, the distinction between anthra- 
cite and semianthracite is an important 
one, especially in areas where both are 
obtainable. Nevertheless, borderline cases 


should be recognized, particularly in the 
coals of Colorado, the individual fuels being 
judged for their actual burning character- 
istics with principal reference to the pro- 
duction of tar, soot, and clinker. 
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The Pittsburgh Coal Seam in Pennsylvania—Its Reserves, 
Qualities and Beneficiation 


By Davin H. Davis* AnD JoHN GRIFFEN,{ Mempers A.I.M.E. 


(New York Meeting, February 1944) 


Mucs of the ground to be covered by 
this paper was ably covered by a paper 
presented by Messrs. Morrow and Jordan! 
before a joint meeting of the Iron and Steel 
Section of the Engineers Society of West- 
ern Pennsylvania and the A.I.M.E. Pitts- 
burgh Section at Pittsburgh in the spring 
of 1940. As that paper was not published, 
the present authors have availed them- 
selves of Mr. Morrow’s kind permission to 
use information given therein. Similar 
figures for the latest years available have 
been added to many statistics originally 
presented. It is unfortunate that Mr. 
Jordan’s death removes his stimulating 
guidance and help, which the authors 
would have welcomed and have found 
invaluable in the past. 

One interested in the Pittsburgh seam 
should not fail to read the exhaustive and 
authoritative paper by Eavenson? pre- 
sented in 1938. 

As Allegheny, Fayette, Greene, Wash- 
ington, and Westmoreland Counties con- 
tain practically all the reserves and furnish 
nearly all of the production from the 
Pittsburgh seam in Pennsylvania at the 
present time, this area only is intended 
when reference is made to the Pittsburgh 
seam in Pennsylvania. 

On much of the seam in Greene and 


Manuscript received at the office of the 
Institute Feb. 9, 1944. 
* Product Control 
Coal Co., Library, Pa. 
} Preparation Engineer, The McNally Pitts- 
pas Manufacturing Corporation, Pittsburgh, 
Bi 
1 References are at the end of the paper. 
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Washington Counties, which contain a 
large proportion of the total reserves, 
insufficient data are available to determine 
the detailed characteristics of the seam 
with any degree of finality. It is hoped that 
the data presented here will fairly well 
indicate the probable characteristics. 


Economic IMPORTANCE 
OF THE PITTSBURGH SEAM 


The Pittsburgh seam in Pennsylvania 
is of primary importance as a coal resource, 


not only because of its substantial reserves - 


but because it contributes such a large 
proportion of the coal used in the country 
and an even larger proportion of that used 
in the manufacture of coke. Mr. Ashley® 
placed the estimated recoverable reserves 
(1935) of the Pittsburgh coal bed in 
Pennsylvania at 7,500,000,000 tons.* Al- 
though a considerable portion of this 
tonnage is not now suitable for coking 
coal, because of its high sulphur content, 
undoubtedly the supply of coking coal will 
last for many years and that not suitable 
for coking will furnish industry with an 
ample supply of energy. 

In attempting to assess the contribution 
of the Pittsburgh seam to total coal pro- 
duction and to that of coal used in making 
coke, one finds that the statistics published 
annually by the U. S. Bureau of Mines, 
Minerals Yearbook, do not give tonnages 
classified as to seams but only as to districts 
or states and counties. However, it happens 
that, at present and during much of the 


* Throughout this paper, ‘‘tons” will be 
used to denote net tons of 2000 pounds. 
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76,088,737 

72,284,300 

511,373,413 
14.1 


Value, 
$1000 


1940 


Production, 
Net Tons 


15 
32 
5 
19 
8 


143,672 
136,778 
15.6 


457,832,299 | 876,676 
14.8 


71,450,182 
67,877,790 


Value, 
$1000 


Production, 
Net Tons 


Production, 
Net Tons 


1937 
Net Tons 


TABLE 1.—Production and Value at the Mines of Bituminous Coal Only+ 
Production, 


Region 


910 
679 
164 
985 
434 


ear Seater 


922 
672 
939 
484 


12 
15 
3 
15 
a 


561 
831 
274 
645 
524 


988 
095 
474 
595 
169 


II 
10 
3 
12 
6 


15 
20, 

4 
18 
10 


Greene.... 
Washington. 


Fayette... 


Counties in Pennsylvania 
Allegheny....... 


106,136 
TAT, 


I11I,367 
391,877,279 | 723,081 


55,349,172 
52,581,700 
13.4 


44,323,835 

42,107,600 

345,546,843 
12.2 


70,215,682 
Tear 


66,704,900 


442,313,030 
6 Data on value of coal not given for 1937 and 1938. 


@ Minerals Yearbook, U. S. Bur. Mines. 


Westmoreland.................... 


Total.... 


Probably from Pittsburgh seam........ 1.2.1.2 1.000000. 


Total U.S.A... ae sth wtheeess + oe 
Probably from Pittsburgh seam as percentage of total U.S.A. 


past, the Pittsburgh seam has contributed 
about 95 per cent of the output of the five 
counties of Pennsylvania here considered. 
It is therefore believed that the estimates 
of tonnage “probably from the Pittsburgh 
seam” given in Tables 1, 2, 3 and 4 are 
substantially accurate. Tables 1 to 4 show 
that the Pittsburgh seam in recent years 
has made the following contributions to the 
economy of the United States: 

1. It has supplied from 12 to 15 per cent 
of the total tonnage and 15 per cent of the 
total value (at the mines) of bituminous 
coal produced. 

2. It has furnished 32 to 37 per cent 
of the tonnage of coal used in the manu- 
facture of by-product coke. 

3. It has supplied 50 to 85 per cent 
of the tonnage of coal used in the manu- 
facture of beehive coke. 

Table 2 shows the extensive area (13 
states) to which this coal is shipped for the 
manufacture of by-product coke. Coal 
from this seam made into beehive coke is 
used entirely’ within Pennsylvania, the 
beehive ovens being invariably at the 
mines or closely adjacent thereto. 

A coal bed as extensive as the Pittsburgh 
seam (2077 square miles in Pennsylvania‘) 
varies considerably, but coal from the 
Pittsburgh seam in Pennsylvania invari- 
ably makes coke that is usable in the blast 
furnace. There may be variations in the 
yield of coke and in its physical properties, 
which affect its value in the blast furnace, 
but these are usually of relatively minor 
importance. 

Variations in the chemical constituents 
of the coke such as ash, sulphur and 
phosphorus, due to variations in the 
analysis of the coal, may be more detri- 
mental, and this is particularly true of 
sulphur. It will be shown later on that the 
sulphur analysis of the Pittsburgh-seam 
coal in Pennsylvania varies. very widely, - 
and much of the sulphur is so intimately 
associated with the coal substance that its 
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of exhaustion of the better coals and on the 
other the more difficult requirements 
to meet in the manufacture of steel and 
alloy-steel products. This latter require- 


elimination and control are a challenge to 
engineering skill. 

The rapid rate at which the reserves of 
high-grade Pittsburgh-seam coal of estab- 


TABLE 2.—Coal from Western Pennsylvania Purchased for Manufacture of By-product Coke 
in the United States 
Net Tons 


Field Where Coal Probable 


Was Produced eam 1937 1938 1939 2942 
Connellsville Pittsburgh £5,107.424 7,681,777|13,084,727|17,868,048] 16,306,546|17,060,335 
Freeportei tira swrscas 2 or Freeport 1,555,920] 1,267,950] 1,354,891 1,629,95' 
Pittsburgh. . .| Pittsburgh | 9,154,109] 6,375,832| 8,675,795 
Somerset... . Unknown 617,358] 266,965] 471,923] 662,302) 552,272) 554,991 
Westmoreland. ............. Pittsburgh | 1,364,765 468,591 485,505 915,380] 1,022,500 438,86 

Total western Pennsylvania 27,859,582 


Total probably from Pitts- 
burgh seam tare eters oss 
Total coal purchased in 


SO Re EN REE gE NEN ME ALT © OOS Horm me RE 0008s tee 


Field Where Coal 


Waa" Peodiced States Where Coal Was Consumed, In Order of Importance 


Connelis Ville sos.s 1: «in dssese aio Pennsylvania, Ohio, West Virginia, New York, Illinois, Minnesota, Michigan, 
: New Jersey, Indiana, and Connecticut. 
Pittsbucehice Javae oppdeate sens Pennsylvania, New York, Ohio, Michigan, Illinois, Wisconsin, Minnesota, 
New Jersey, Connecticut, Massachusetts, and West Virginia. 
Westmoreland :..-6 +m ae: Pennsylvania, Maryland, New York, Minnesota, Ohio, Connecticut, and 


Wisconsin 


2 Minerals Yearbook, U. S. Bur. Mines. 


TABLE 3.—Coal Used in Beehive Ovens in Pennsylvania, by Districts+ 


Coal Used, Net Tons 


District Probable 
Seam 
I94I 1942 
ee eny. Mountain and Allegheny ‘ 
alleys ie .fecienatelgiels Cet Hav sole nknown 4,103 2,699} Detail 
Dprnnelisville. sinh shes aiinee te Pittsburgh |1,355,627 Rona eas 


Lower Connellsville... 
Upper Connellsville ......5....5% 
Pittsburgh and other districts?.... 


Pittsburgh |1,659,105 
Pittsburgh | 215,112 47,085} 118,484) 
Mostly 


Pittsburgh} 612,807 375,328] 663,605] 1,100,790 


3,906,754] 765,253|1,775,307|3,997,312] 9,196,363]11,292,336 


3,742,000] 686,000]1,681,000/3,860,000] 8,900,000]11,000,000 
4,926,824/1,359,876|2,207,785|4,802,006|10,520,316|12,875,812 


622,631/1,619,619| 2,959,236 not 


412,293] available 


otal Uberti teas 
Coal probably from Pittsburgh 
Sn as percentage of total 


re 


76.0 84.5 85.4 
2 Minerals Yearbook, U. S. Bur. Mines. 
+ Includes Bedford and parts of Indiana and Westmoreland Counties. 


lished coking quality in Pennsylvania are 
being depleted make it important to 
examine the present situation and assess 
the future. On the one hand is the problem 


ment, it is generally agreed, must depend 
on better, and particularly more uniform, 
raw materials for satisfactory costs. King® 
says: 
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It is generally recognized that undoubtedly 
deterioration of Pittsburgh coking coals will 
be accelerated by the depletion of some of the 
better grades of coal; the extension of mine 
mechanization, with attendant degradation of 
coal quality; and the opening of new coal 
fields, some of which are known to be fairly 
high in sulphur. 


No exact and complete specifications 
‘have ever been accepted for coking coals. 
Rose® aptly states that coal selection is a 
matter of choosing the coal or coals that 


strength, the full extent of which is probably 
not generally realized. 

Sulphur.—The A.S.T.M. specifications pre- 
viously quoted stated that coking coal shall 
be of such composition that the coke produced 
shall contain not more than 1.3 per cent sulphur 
for blast-furnace coke. Less than 1 per cent 
sulphur is preferable, and coke having as 
much as 1.50 to 1.75 per cent sulphur is not 
considered acceptable at many furnaces. The 
percentage of sulphur eliminated during the 
coking process depends upon the coals used, 
but will average around 40 per cent for coals 


TABLE 4.—Pitisburgh-seam Coal Used in Manufacture of By-product and Beehive Coke 
Net Tons, BASED ON DATA IN TABLES 2 AND 3° 


Coal Probably from Pitts- 
burgh Seune Used for 1937 1938 1939 TO40 1941 g044 
By-product coke........... 25,686,208 | 14,526,200 | 22,246,027 | 28,410,069 | 29,196,341 30,067,675 
Beehive coke. .....55..6..60 3,742,000 686,000 1,681,000 3,860,000 8,900,000 11,000,000 
PROC M MNEs iasc cstetteti alee eas 29,428,298 | 15,212,200 | 23,927,027 | 32,270,969 | 38,006,341 41,067,675 
Total coal used in manufac- 
ture of by-product and 
beehive coke in U.S.A...| 75,104,801 | 47,203,547 | 64,359,837 | 82,146,239 | 93,716,618 | 103,277,205 
Coal probably from Pitts- 
burgh seam Me pereratate 
OG, total UiSiAet oo occ eine 39.2 32.2 37.2 39.3 40.7 39.7 


@ Minerals Yearbook, U. S. Bur. Mines. 


appear to offer the most advantages. He 
gives some of the generally accepted 
criteria for selection as follows: 


The best cokes contain less than ro per cent 
of ash, and a strong prejudice exists against 
coke having more than about 12 per cent, if 
better coke is available. This means that the 
coals used should contain not over 9 per cent 
ash, which is the standard specifications of the 
“American Society for Testing Materials for 
‘both gas and coking coals. 

The permissible ash and sulphur content 
of blast-furnace coke in each locality depends 
upon the purity of the available coals. Freight 
rates are in some cases a determining factor. 

A plant getting coal by water transportation 
might find it advisable to use a coal less satis- 
factory than what might be available by rail. 

In the Pittsburgh district, large quantities 
of crushed run-of-mine Pittsburgh seam coal 
having as much as 1o per cent ash are coked 
in by-product ovens... Shale and slate 
have an injurious effect on coke size and 


giving 70 to 75 per cent coke yield. In a general 
way this means that the percentage of sulphur 
in coke is from o.or to 0.3 less than in coal 
from which it was made, but the sulphur 
content of coke is sometimes as high or even 
higher than the coal used. 

Phosphorus.—The iron used in both the 
acid open-hearth and bessemer processes must 
be very low in phosphorus, and coke used in 
making such iron should preferably contain 
less than o.oro per cent of this element. All of 


‘the phosphorus in the coal passes into the 


coke, and all of the phosphorus in the materials 
charged into a blast furnace passes into the 
iron. A coal containing as much as 0.020 per cent 
phosphorus would generally be considered of 
limited value, as most American blast-furnace 
cokes are very low in phosphorus. 

The phosphorus content of coke used jin 
making basic iron is of little importance as 
the basic steelmaking process readily removes 
this impurity. 
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It may be noted that no change has 
been"made in the A.S.T.M. specifications 
for'gas and coking coals since Rose’s paper 
appeared, for the latest published are 
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certain specifications. The freight rates 
might be prohibitive or he might have a 
very decisive advantage in transporting a 
somewhat inferior coal cheaply by water, 
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Fic. 1.—DIsSTRIBUTION OF BITUMINOUS COAL ORIGINATING ON THE MONONGAHELA RIVER, 1041. 
(Coal Age, October 1943.) 


those adopted in 1924, from which Rose 
quoted. 

If exact and complete specifications were 
written for coking coal, each user probably 
would find certain conditions that would 
force him to ignore or compromise on 


which he could not afford to lose. He might 
own a mine of which he could not well 
dispose. All such factors force a compromise 
as to specifications of a coking coal and 
each user by means of actual trials in coke 
plants and blast furnaces has attempted to 
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_ select the coals best suited to his uses and 


location. In some cases, he has found 
that by mixing coals, even where their 
analyses are apparently identical, coke of 
more suitable character is obtained. 

In the recent past, about 1.20 per cent 
sulphur has been considered the upper 
limit for Pittsburgh-seam coking coal, but 
this limit has not been rigidly applied. 
Where cheap water transportation plays 
a dominant role, an upper limit of 1.50 per 
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wagon from the five counties in Pennsyl- 
vania, where the Pittsburgh seam is the 
dominant producer, during 1041 were 
68,675,347 tons. Thus over 35 per cent of 
this tonnage was loaded on the Mononga- 
hela River. 


RESERVES OF THE PITTSBURGH SEAM 


As of Jan. 1, 10937, the recoverable 
Pittsburgh-seam coal remaining in Penn- 
sylvania, that tributary to river loading 


TABLE 5.—Summary of Recoverable Pittsburgh-seam Coal Remaining in Pennsylvania 


January 1, 1937 
THOUSANDS oF NET Tons? 


Total Tributary to River Loading 
> Truck 
eee! ee Mines or 
oun Cason? Rf 2 
vy Distribu- Distribu- | Percentage fone Saal a 
Tonnage tion in Tonnage tion in ot County Saanaee 
Counties Counties Total 3 
LNG th a 160,400 fo) : : 147,579 12,821 
ISRO LEON, eh weieyia se sacks, cae 315,096 190,610 I1I9,599 4,887 
Greene NR oa oes heya gous ata acsate 2,983,192 1,012,288 1,970,702 202 
Washington .: 5.5. .2...6. 2,798,055 401,299 2,391,319 5,437 
| Westmoreland.......... 1 256,781 (0) 255,439 1,342 
Shohaltrs asistts ocis -crsac 6,513,524 1,604,197 4,884,638 24,689 


¢ Data from Eavenson, Alford and Auchmuty, Mining Engineers, Pittsburgh, Pa. 
® Reservations cover acreage reserved for surface support. 


cent sulphur, or perhaps slightly more, 


t 


might be considered equivalent to a 1.20 
per cent sulphur limit for coal transported 
by rail. 

That river transportation plays a very 
important role in the mining and distribu- 
tion of Pittsburgh-seam coal is shown by 
Branin,’ who writes: 


The largest single channel for river move- 
ment of coal is the Monongahela River... 
serving portions of the rich Klondike, Connells- 
ville and Pittsburgh fields of western Pennsyl- 
vania and the Fairmont field of northern West 
Virginia, is the largest originator of coal 


tonnage. Total loadings in 1941 exceeded 


25,000,000 tons, more than half of which 
was distributed along the river itself, including 
Pittsburgh. Originating and terminal tonnages 
for the Monongahela River are shown on the 
accompanying map (Fig. 1). 


According to the Minerals Yearbook, 
total shipments by rail, river, truck and 


and that analyzing 1.5 per cent sulphur 
and less were estimated by Eavenson, 
Alford and Auchmuty (unpublished data) 
as shown in Tables 5, 6, and 7. ~ 

The tonnage listed as tributary to river 
loading was determined by owner control 
of access to a navigable river for acreage 
within an economic distance from such 
river for known transportation means 
other than common carrier railroads. 
Table 5 shows that a very considerable 
tonnage and a significant proportion 
(24.6 per cent of the total reserves) are 
tributary to river loading. 

However, the reserves with a sulphur 
content of 1.50 per cent or less tributary 
to river loading are only about one half 
of this tonnage, and represent only 13.6 
per cent of the total reserves. Fayette 
County has been the dominant producer 
of coking coal loaded on the river and most 
of this analyzed 1.20 per cent sulphur or 
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less. From Table 7 it is clear that only Also, as indicated by note } on Tables 6 
about one fifth of the reserves of coal of and 7, some coal higher than 1.50 per cent 
1.50 per cent sulphur or less that can be sulphur is included in the reserves listed 
loaded on the river are in Fayette County. as of 1.50 per cent sulphur and less, and in 


TaBLE 6.—Summary of Recoverable Pittsburgh-seam Coal Remaining in Pennsylvania 
According to Sulphur Content, January 1, 1937% 
THOUSANDS OF NET Tons 


Total without Regard * s 
$0 Suiphes Contant Analyzing 1.5 Per Cent Sulphur or Less' 
County 
Rete ae | Seem Percentage of 
Distribution Distribution |Percentage of 
Tonnage . . Tonnage Fi . Tota 
8 in Counties in Counties |County Total Reserves 

Allegheny </c'. yiassice nse 147,579 ine | 20,455 oa 13.9 0.3 
Rayettastcntecn sites vies 310,209 4.8 310,209 18.7 100.0 4.8 
Greene.... 2,982,990 46.0 502,809 30.4 16.9 = a 
Washington... sa 2;792,673 43.0 627,638 37.9 22.5 o.7 
Westmoreland........ 255,439 3.9 195,369 11.8 70.5 3.0 
6,488,835 100.0 1,656,480 100.0 255 25.5 


a = aie a a ea i a a 


@ Reserves shippable by truck mines and reservations not included. Data from Eavenson, Alford and 
Auchmuty. 

b The Yimiting factor in these reserves is generally a sulphur content before cleaning of 1.50 per cent or less, 
but some properties known to be furnishing coking coal have been included entirely, even though portions of 
the property are known to be higher in sulphur. In many of these areas selective mining must be done to main- 
tain this sulphur content. Probably 60 per cent of the tonnage recorded is all that can be considered metallurgical 
coal, not over 1.25 per cent sulphur, without selective mining and mechanical cleaning. 


TABLE 7.—Summary of Recoverable Pittsburgh-seam Coal Remaining in Pennsylvania 
Analyzing 1.5 Per Cent Sulphur or Less and Tributary to River Loading, January 1, 


1937° 
THOUSANDS OF NET Tons 


Analyzing 1.5 % Sulphur or Less? 


Tonnage : : 
without Tributary to River 
County Regard to : 
rie cone Total 
ontent 
Tonnage Tonnage | Distribution | Percentage of pba mos of 
8 in Counties |County Total Teseoet 
Alleghenyi.%0.0%.0 eve. 147,579 20,455 ° 0.0 0.0 
Ravettontncstca nas Pr 310,209 310,209 190,610 3 61.4 2.9 
Greene.... 2,982,990 502,800 335,731 : 66.8 a} 
Washington.... .-| 2,792,618 627,638 357,425 56.9 ay 
Westmoreland........ 255,439 195,369 ° 0.0 0.0 
Total heey. eines 6,488,835 "1,656,480 883,766 4 53.4 13.6 


‘ ‘ Reserves shippable by truck mines and reservations not included. Data from Eavenson, Alford and 
uchmuty, 


> The limiting factor in these reserves is generally a sulphur content before cleaning of 1.50 per cent or less, 


but some properties known to be pisliagenr 3 coking coal have been included entirely, even though portions of 
the Bromotty are known to be higher in sulphur. In many of these areas selective mining must be done to main- 
tain this sulphur content. -Probably 60 per cent of the tonnage recorded is all that can be considered metallur-_ 
gical coal, not over 1.25 per cent sulphur, without selective mining and mechanical cleaning. 


The remainder is about equally distributed many of these areas selective mining must 
between Washington and Greene Counties be done to maintain this limit of 1.50 per 
and has a higher average sulphur content cent sulphur. Selective mining means the 
than the Fayette County reserves. exclusion of about 6 in. of coal at the 
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bottom of the seam and usually 8 in. or 
more of coal at the top from the mine 
production. 

This outline of the economic importance 
of the Pittsburgh seam in Pennsylvania, 
and the indications of the diminishing 
reserves of coking coals of acceptable 
sulphur analysis tributary to cheap river 
transportation shows the necessity of 
studying the characteristics of the seam 
so that mining and beneficiation methods 
may be devised to make a larger proportion 
of these reserves available at a low cost 
to the needs of the industry of the country. 


CHARACTERISTICS OF THE SEAM 
IN PENNSYLVANIA 


The characteristics of the Pittsburgh 
seam are well known over a considerable 
extent of the seam in Pennsylvania. A large 
part of the seam in the Connellsville, 
Youghiogheny-Westmoreland, and Pitts- 
burgh districts has been mined out, but 
private and published records provide 
sufficient data to outline areas of similar 
characteristics in respect to analyses, seam 
dimensions, structure and use. In the 
southwestern part of the state, particularly 
Greene County and the southern part of 

Washington County, the seam has been 
_ developed only near the Monongahela 
River. In some areas the seam was mined 
- out before 1900 and data are meager, while 
- in other localities, particularly near Pitts- 
burgh, one company has made a complete 
study of the seam characteristics over an 
extensive area. 

As a basis for discussion in respect 
to seam characteristics and analysis, the 
Pittsburgh seam in Pennsylvania may 
be classed into five general groups; each 
covering an area of wide extent: (1) 
Panhandle, (2) thin-vein Youghiogheny 
(Youghiogheny-Westmoreland districts), 
(3) thick-vein Youghiogheny (Youghio- 
_gheny-Westmoreland districts), (4) Con- 
nellsville, (5) Greene County (including 
the southern part of Washington County). 


There are several smaller areas, such as 
the Greensburg, Latrobe, Ligonier and 
Avella, whose individual characteristics 
have not been considered herein. 

Within each general group are local 
areas where the characteristics are not in 
close agreement with the group average 
and the variations in the seam thickness 
and other characteristics may appear large 
to the reader. Mr. Eavenson? says: 


. . . but in view of the enormous area covered 
by this deposit and the tremendous quantity of 
it laid down originally, it is remarkable that 
its quality is so uniform. Many coal seams 
can show much greater consistency in some 
qualities than the Pittsburgh, but considering 
quality, thickness, and mining conditions 
together, few mineral deposits of any kind, 
anywhere, can rank with it. 


In the Pittsburgh area the thickness and 
analytical characteristics of the Pittsburgh 
seam have been extensively studied by the 
Pittsburgh Coal Co. Some 31 mines in the 
area south and west of Pittsburgh and 
northwesterly from the Connellsville region 
were included in the study, and their 
location is shown by the map of Fig. 2. 
In this area complete analytical informa- 
tion was obtained for each mine sampled. 
From the data the mines are divided into 
three groups according to certain physical 
and chemical characteristics and were 
called Panhandle, Thin-Vein Youghio- 
gheny, and Thick-Vein Youghiogheny. 


CHARACTERISTICS OF PANHANDLE, 
THIN-VEIN AND THICK-VEIN 
YOUGHIOGHENY GROUPS 


Several hundred samples of each bench 
in 31 mines were collected. Samples were 
uniformly collected, prepared, and ana- 
lyzed and therefore the results are directly 
comparable with one another in all respects. 
Each sample was collected from a par- 
ticular horizontal section of the seam. 

The standard method of sampling used 
consisted of making five benches of the 
seam: (1) the top ro in. of the coal seam; 
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(2) the top breast, consisting of the coal 
between the top ro in. and the top bearing- 
in band; (3) the bearing-in bands and coal 
between, which consisted of two slate 
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were crushed to minus 4-in. before the 
separation tests were made, the results are 
closely comparable with results that 
would be obtained on a coal containing 


2 -—Location OF MINES SAMPLED IN DETERMINING EXTENT OF PANHANDLE, THIN-VEIN 


0 YouGH AND THICK-VEIN YOUGH GROUPS. 
Vy \" Black dots indicate mine openings. 


NS 
partings, each approximately 14 to 34 in. 
thick with 114 to 4 in. of coal between the 
two slate bands; (4) the bottom breast, 
consisting, of the coal between the bottom 
bearing-in band and the bottom 6 in.; 
(5) the bottom 6 in. of the coal seam. In 


calculating the analysis of the over-all’ 


seam the bearing-in bands and coal 
between were excluded, for reasons ex- 
plained hereafter. 

Each sample was broken to pass a 4-in. 
round-hole screen and_ specific-gravity 
separation tests were run at 1.40 and 1.60 
sp. gr. Only results at 1.60 sp. gr. have 
been reported herein. Because the samples 


only the impurities present in the seam, 
which had received the size degradation of 
normal mining operations. 

Fig. 3 shows the range of ash and 
sulphur by benches in the Panhandle, 


. Thin-Vein and Thick-Vein Yough groups, 


while Table 8 shows a comparison of the 
average analysis of the over-all seam for 
the same three groups. From the analytical 
data derived from sampling and testing 
hundreds of samples, the following com- 
parison of their characteristics has been 
prepared. 

The thickness varies considerably. The 
Panhandle is the thinnest, averaging 64 in.; 
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the Thin-Vein group is somewhat thicker, 
averaging 73}4 in.; and the Thick-Vein 
Yough, averaging 8534 in., is the thickest. 
The most consistent bench is the bottom 
breast, which averages 23}4 in. in thickness 
in both the Thin-Vein and Thick-Vein 
groups and 20 in. in the Panhandle. 

' The bearing-in bands have not been 
included in the analysis of the seam, as in 
hand-loading practice it has been custom- 
ary to gob most of the bands underground. 
The sampling from which these data have 
been derived was started before mechanical 
loading had been adopted to any great 
extent and for that reason the bands were 
excluded from the seam analysis. The 
addition of the bands and coal between 
adds as much ash as the rest of the free 
impurities in the seam and their addition 
almost doubles the impurities (sink at 
1.60 sp. gr.) of the coal. The effect of the 
removal of the bands on sulphur is neg- 
ligible, usually increasing or decreasing the 
over-all seam sulphur by only a few hun- 
dredths of one per cent. 

Fig. 3 shows that on an average there 
are only about 50 in. of low-ash coal, 
consisting of about 30 in. above and 20 in. 
* below the bands. The rest of the coal is of 
intermediate quality. Studies have shown 
that if the top coal is considered to be the 
intermediate quality coal under the draw 
slate, the Panhandle group has practically 
no top coal, the Thin-Vein Yough has 
approximately to in., and the Thick-Vein 
Yough from 20 to 30 in. This is readily 
apparent in Fig. 4. The 30 in. of coal 
directly above the bands in the Thick-Vein 
is very similar in characteristics to the 
entire top breast (also 30 in.) of the Thin- 
Vein Yough group. In all three groups the 
part of the seam immediately above the 
bands is the lowest in ash and sulphur. 
The Greene County mine whose analysis 
also appears in Fig. 4 has higher ash and 
sulphur in the top breast then either of 
the three groups under discussion. 

The uppermost 10 in. of the seam shows 
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more variation in coal quality than ay 
other part of the seam. The ash in the top 
10 in. in the Panhandle group is low, being 
considerably less than that in the Yough 
groups, but when the top 1o in. of the 
Panhandle is compared with the portion of 
the seam that is at a corresponding distance 
above the bands in both Yough groups, the — 
ash content is comparable in all “— 
groups. In the Panhandle group, the 
mines in the northwestern part have : 
the highest ash top coal in that group, 
due to two prominent slate bands occurring” 
just under the draw slate. The top 10 in. 
of the Thick-Vein Yough group is high 
in ash, both in the raw coal and in the 
float at 1.60 sp. gr. In the Thin-Vein 


} 
| 
Yough group the coal in the top to in. | 


ee 


is of intermediate quality but not as high 
in ash as the Thick-Vein group. 

The bottom breast is the most consistent 
bench of the Pittsburgh seam for the three 
groups in the Pittsburgh district. On a 
pyrite-free basis, the bottom breast shows 
almost the same ash content for all three 
groups. rig 

The bottom 6 in. is the worst part of the — 
seam, ranging from 11.6 to 18.2 per cent — 
ash and from 1.5 to 4.7 per cent sulphur 
(average for individual mines). Usually 
this coal is completely or partly left in 
the mine. 

There is little difference in the average 
character of the bottom coal in the three 
groups, but it varies considerably between 
the individual mines. In the operation of a 
cleaning plant, the ash of the bottom 6 in. 
is slightly less objectionable than that in 
the top to in. of the Thick-Vein Yough 
group, but the sulphur is far more offensive, 
especially in the production of metallurgi- 
cal coal. For all groups the sulphur in the 
bottom 6 in. is reduced approximately 
20 per cent from the raw coal to float at 
1.60 specific gravity. 

The Panhandle group, as compared with 
the Thin-Vein and Thick-Vein groups 
(Table 8), is characterized by a thinner 
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seam, an over-all seam ash comparable with 
the Thin-Vein Yough but lower than the 
Thick-Vein Yough, higher sulphur, slightly 
higher in volatile, and lower H-value 
(moisture-and-ash-free B.t.u.), a lower 
ash-softening temperature due to a higher 
iron content of the ash, and a coal of 
firmer structure. A greater percentage of 
the seam is taken out as block coal (plus 
4-in.) in the mines of the Panhandle than 
in the mines of the Yough groups, because 
of the harder structure of the coal. 


TABLE 8.—Average Analysis of Over-all 
Seam for Panhandle, Thin-Vein Yough 
and Thick-Vein Y ough Groups 

Over-all Seam Sample 


(Excluding Bands and Coal Between), 
Raw Co: 


Moisture-and- 


Group Dry ash-free Basis | Ash- 
soften- 
1 
em- 
Ash, | Sul- | Vola- pera- 
Per | Phur,| tile | Btu ture, 
Cent | Per, | Per eg. 
Cent | Cent 
Panhandle..| 7.0 1.9 | 41.2 | 15,090 2340 
Thin-Vein 
oug ey) rut |] 37.8) 35,275 2470 
Thick-Vein 
oug 8.0 1.2 | 37.3 | 15,335 2510 


The Yough groups are more similar to 
one another than to the Panhandle group. 
Both groups are thicker than the Pan- 
handle, the Thick-Vein Yough being of 
greater thickness (Figs. 3 and 4). Both 
Yough groups are low in sulphur, the 
Thin-Vein Yough containing 1.1 per cent 
in the over-all-seam raw coal, and the 
Thick-Vein Yough 1.2 per cent, as com- 
pared with 1.9 per cent sulphur average 
for the Panhandle. The over-all seam of the 
. Thick-Vein Yough is higher in ash than 
either the Thin-Vein Yough or the Pan- 
handle, the two latter being comparable 
in the ash of the over-all seam. The Thick- 
Vein Yough contains a higher ash and 
sulphur in the top coal and top breast 
than the Thin-Vein Yough. The two Yough 
groups are lower in volatile than the Pan- 
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handle, the Thick-Vein being slightly lower 


than the Thin-Vein (Table 8). Their 


H-values are considerably higher than 


those of the Panhandle, the Thick-Vein — 


being somewhat higher than the Thin-Vein 


Yough. The ash-softening temperatures © 


of the Yough groups are much higher than © 


that of the Panhandle, the Thick-Vein ~ 
being slightly higher than the Thin-Vein — 


Yough. The Yough coals are generally 


known on the market as ‘‘gas”’ coals, the. 


Thin-Vein coals going into the manufacture 
of gas and the Thick-Vein coals more 


generally used for by-product coke. The > 


Panhandle coals have been used mostly as 
“steam”? coals; the larger sizes for domestic 
fuel and gas manufacture. The firm struc- 


yt neti Oy 


ture of the Panhandle coals is responsible 
for a coarser product, and this has some — 


effect on market preference. 


The volatile content increases constantly _ 
toward the west and this is borne out by the © 


progressive increase in volatile from the 
Thick-Vein to the Thin-Vein to the Pan- 
handle (Table 8). The H-value progres- 
sively decreases in the same direction, the 
H-value decreasing 300 to 400 B.t.u. 
from the easternmost mine in the Thick- 


Vein group to the westernmost mine © 


sample in the Panhandle. The structure 
of the coal also changes from east to west, 
the softest and most friable coal being in 
the Thick-Vein group and the firmest and 


hardest in the western edge of the Pan- © 


handle field. 


These general statements refer only _ 


to the mines whose locations are indicated 
on Fig. 2, and whose characteristics were 
thoroughly studied. 


GEOGRAPHICAL DISTRIBUTION 
OF SULPHUR 


The geographical distribution of sulphur 
in the Pittsburgh seam of Pennsylvania is 


fairly well defined over a considerable 


extent of the seam. Because of the large 
number of sources used in collecting the 


information presented herein, the number 


en 
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} of analyses and the uniformity of the meth- A large percentage of the coal containing 
ods of sampling and reporting of results 1.20 per cent sulphur or less has been 
vary considerably. The sulphur data are mined out. Practically all of the coal under 
reported on a “dry” or “moisture-free” 1.2 per cent sulphur lies in Westmoreland 
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_ FIG. 5.—GEOGRAPHICAL DISTRIBUTION OF SULPHUR IN PITTSBURGH SEAM (COAL AS MINED) IN 
iS WESTERN PENNSYLVANIA. 
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__ basis and are based on raw or unwashed and Fayette Counties. A relatively large 
~ run-of-mine coal “as mined.” Where top area of coal containing 1.21 to 1.50 per cent 
coal (also called head coal) or bottom sulphur is still being mined and developed 
coal is unmined, the sulphur analyses refer fo mining. 

only to the part of the seam removed. As There is a rather small portion of the 


fthe* sources did not always disclose the total Pittsburgh seam that contains from 
proportion of the seam mined, the analyses 
bh are not necessarily on a common basis of 
seam section. 

From data available (refs. 2 and 8 to 12 
as well as analyses made by the Pittsburgh : Bee ! 
| Coal Co.), representing several hundred oped Pittsburgh-seam <a is in Washing- 
analyses, it has been possible to prepare a ton and Greene Counties, and from all 
_map showing the geographical distribution indications and available information the 


Me 


of sulphur (Fig. 5). raw coal is expected to contain more than 


| 


cate IND 


fat ix 


1.51 to 1.80 per cent sulphur. The large 
reserves are over 1.80 per cent sulphur 
and in undeveloped acreage of unknown 
sulphur. The largest acreage of undevel- 


ibis 
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1.80 per cent sulphur, with possibly some 
from 1.51 to 1.80 per cent. 

The locations of the boundary lines 
between areas of different average sulphur 
content in Fig. 5 are not exact enough 
so that individual properties or mines can 
always be definitely placed in one specific 
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each division indicating the range of 


- 
e 


| 


sulphur within which the average for the 


area will fall. 


ForMsS OF SULPHUR 


Sulphur is found in coal in three forms: 


(x) organic, (2) sulphate, and (3) pyritic. 


: 


TABLE 9.—Distribution of Sulphur Forms. in Specific-gravity Fractions of Various Sizes” 
or Seam Samples : 


Sulphur,¢ Per Cent 


Group, Mine, Size or Description 
I.30 I.30 to] 1.40 to | 1.50 to | 1.60 to 1.70 
Float I.40 1.50 1.60 1.70 Sink 
Pyritic and Sulphate Sulphur 
Panhandle, mine A, seam composite............ 0.34 1.35 2.05 aiae 2.76 8.55 
Mine B, TPE TOr PGi s carpio ieee eco 0.60 2.09 4.48 5.99 7.29 12.09 
Thin-Vein Yough, mine C, 54¢-in, to 20-mesh. . 0.27 0.67 0.91 0.95 £12 1.54 
Mine D, 54¢6-1n. to 20- MCSHANE te oe 0.33 0.65 0.95 be I.19 I.99 
Mine I to GUN ab shel oval volatelarg tga. ny 2 0.32 I.00 I.10 5 eh wh d 0.73 2.42 
Mine E, 13 to 4g-in..... cece ee eee eee 0.16 I.07 1.48 D512 1.02 2.07 
Thick-Vein Yough, mine F, 1}¢ to 5{¢-in........ 0.32 23 Lo 77 1.93 3.42 6.76 
Mine G, seam composite...........:....++ 0.55 1.45 4.22 5.10 6.315 8.976 
Greene County, mine H, 4-in. to 48-mesh.. 0.17 0.77 2.60 3.04 S77 10.28 
Mine I, 3-in. to O,-MINe TUN cs ss ran wee ee 0.31 0.99 3.50 4.98 4.93 9.17 
Organic Sulphur 
ons vine mine A, seam composite 0.79 I.06 0.86 0.83 0.69 0.56 
Mine Bi I}6 to Se-ims. oo. s cael 1.38 1.64 1.87 TOSS 1.18 0.13 
Thin-Vein Yough, mine C, 54¢-in. to 20-mesh 0.65 0.88 0.80 0.58 0.43 0.21 
Mine D, 54¢-in. to zosmeshe, Chee dake 0.80 0.84 0.82 0.75 0.46 0.00 
Mine D, I to 5fe-in..... 0.66 Lou7 0.89 0.62 0.25 0.15 
Mine E, 134 to 546-in.............. 0.73 0.82 0.73 0.42 0.39 0.25 
Thick-Vein Yough, mine F, 1} to 54.-in. 0.83 0.84 0.79 0.69 0.59 0.42 
ine G, seam composite........... 0.80 0.78 I.O1r 0.75 0.75% 0.64¢ 
Greene. County, mine H, 4-in. to 48-mesh........ 0.90 0.89 0.93 0.83 0.61 0.54 
ING 1, Sins tO,0). Mine TUN. ; see becuse ale «is Tae 1.30 I.20 0.97 0.81 0.44 
Total ee eee ee Ek a ss ee Ee 

Panhandle, mie A, seam composite............. T.¥3 2.41 2.91 4.05 3.45 9.11 
Mine B, WO“BGriD sie hry heyaresnis cc pin alaptoie oie 1.98 g.73 6.35 7.54 8.47 12.22 
Thin-Vein You , mine C, 54¢-in. to 20-mesh.. 0.92 1.55 r. 7% 1:53 T2355 rare 
Mine D, 546-in. to, Shetiogh: Shay ssh uaden anes 1.m3 I.49 1. 77 1.87 1.65 1.99 
Mine D, T4054 geiti 4s vides eats se ioe es 0.98 Pint 5 1.99 xi7e 0.98 2.57 
Mine E, 1% to 54 4 eh Tisere a. a) osnine his UN gai aes 0.89 1.89 2.21 1.54 I.41 2.32 
Thick-Vein Yough, mine F, 13g to 5{g-in........ I.15 2.06 2.56 2.62 4.01 7.18 
Mine G, seam com osite ir teri Oot ee t.a8 2.23 5.23 5.85 7.066 9. 16¢ 
Greene County, mine H, 4-in. to nee wes Serene ot TsO 1.66 3.53 3.87 4.38 10.82 
Mine I, 3-in. to 0, mine run. hee: Ss T.53 2.29 4.70 *5.95 5.74 9.61 


¢ Moisture-free basis. 


> 1.00 sp. gr. 


Oat. 


¢ 1.90 sp. gr. sink. 


division or another. Variations within 
individual areas may occur, so that one 
mine property may not be represented 
by the average for its area. It is believed, 
however, that Fig. 5 is sufficiently accu- 
rate to indicate a close approximation 
of the geographical distribution of sul- 
phur as it occurs in the Pittsburgh seam, 


The organic sulphur consists of organic 


compounds of sulphur almost uniformly 
distributed through the pure coal sub- 
stance, In the Pittsburgh seam of Penn- 


sylvania the known range of organic 
sulphur in the float at 1.30 sp. gr. is from 


0.65 to 1.38 per cent (Table 9). For any 
one mine or group of several mines in the 


e 


LCL IE Ae Ea Ce 


_ same general locality the organic sulphur 
usually falls within a rather narrow range. 
On the basis of available information, the 
Thin-Vein Yough group has the lowest 
percentage of organic sulphur, approxi- 

mately 0.65 to 0.80 per cent, but in all 
probability that of the Connellsville region 
was as low if not lower than the Thin-Vein 
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When considering each mine _ indi- 
vidually, the difference in organic sulphur 
between the same specific gravity fractions 
of different benches is usually not of great 
magnitude, but both Table 10 and Table 11 
show that benches of top coal and bottom 
coal are somewhat higher in organic 
sulphur than the breast coal of the same 


TABLE 10.—Comparison of Sulphur Forms in Specific-gravity Fractions between Thick-Vein 
Yough Mine F and Greene County Mine I, by Benches 


- Yough. In both the Panhandle and Greene 
_ County groups, it is higher; the Panhandle 
_ group has a range of organic sulphur in the 

1.30 sp. gr. float from approximately 0.79 
~ to 1.38 per cent and Greene County from 

0.90 to 1.22 per cent (Table 9). Some 
+ Greene County coal contains less than 0.90 

Beper cent organic sulphur, but available data 
c - indicate that a considerable proportion of 
this coal will average 1.0 per cent or higher 
4 ‘in organic sulphur. 


@ Moisture-free basis. 
> Excludes bearing-in bands. 
e Includes bearing-in bands. 


Sulphur, Per Cent 
3 Pyritic Sulphate Organic Total 
: Description 
I.30 1.30 1.30 I.30 
% r.30 1,60} 1.30 1,60] 1.30 1.60] 1.30 1.60 
Float bys Sink | Float Eee Sink Float Fg Sink | Float ae Sink 
Top Coal 
Thick-Vein Yough mine 
Section -f (70 1n3)..).5. es 3 3% 0.75) 1.03/15.19| 0.03] 0.04) 0.35] 0.75] 0.71] 2.01] 1.53] 1.78/17.55 
Section 2 (r0-in,) Ae aN RAD 0.32) I.51/18.02| 0.02] 0.05) 0.33} 0.61] 0.82] 0.40) 0.95} 2.38/18.84 
Greene County mine 
Section 3: (T8-in.).. 6. we sew 0.77| 2.39'22.56) 0.00] 0.01] 0.14} 1.68] 1.68] 1.26) 2.45] 4.08/23.96 
Section 4 (18-in.).. «++e.-| 0.66] 2.21/16.50] 0.01] 0.03] 0.22] 1.39] 1.35] 1.32| 2.06 pare eenes 
Breast Coal 
_ Thick-Vein Yough mine ; 
DSCHOMNT Os cis os sachs ake Sie 0.08] I.13] 3.13] 0.01] 0.04] 0.07] 0.64) 0.63} 0.38] 0.73] 1.80] 3.58 
Section 2>,.... a psieisje eis s eie%e sis 0.09] 0.51| 3.60] 0.01] 0.02] 0.08] 0.55] 0.52] 0.17] 0.65} 1.05} 3.85 
Greene County mine 
DECHONGS Sui senrere eh sine ele Oa eS 0.27} 0.82/10.45| 0.00] 0.00] 0.08] 1.26} 1.24! 0.54] 1.53] 2.06/11.07 
DECHONI ACH Ae selec cles. bibs 6s ies 0.19] 0.77} 9.91] 0.00] 0.00] 0.08] 0.97} I.01| 0.70] 1.16] 1.78/10.68 
Bottom Coal 
_ Thick-Vein Yough mine 
: DECOOM UH crc sass Fare tas 6 0.13] 0.92} 3.00] 0.02] 0.03) 0.05 Leal 3.42 
DIS OLLOT GE Paes eerie ssthebs «0h Slots 0.19} 1.29) 9.84] 0.02] 0.04] 0.21 2.18/10.33 
Greene County mine 
ROP ELIOMES yee case Ginter arice tina er 0.30] 3.33]/10.86] 0.00] 0.02] 0.09 4.65/11.66 
CCMOMLARE I: Sic ius kate case eseice be 0.40) 1.66/14.66] 0.00] 0.00] o 2.89/15.81 


mine. The range of organic sulphur within 
the bottom breast of the Thick-Vein Yough 
mine (F) was 0.68 to.o.71 per cent and 
within the top coal it was 0.76 to 1.08 per 
cent (Table 11). 

For most mines studied, the organic 
sulphur is not significantly lower in the float 
at 1.30 sp. gr. than in the 1.30 to 1.60 sp. 
gr. fraction, indicating that a coal of lower 
organic sulphur could not generally be 
obtained by cleaning at a low gravity. 
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Even where a reduction in organic sulphur 
could be obtained, a separation at 1.30 sp. 
gr. is impractical from an economic stand- 
point. Since coal cleaning of the Pittsburgh 
seam usually is carried out at or above 
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1.60 sp. gr. fractions (Table ro). As a rule 
freshly mined coal contains little sulphate. 
sulphur, but on exposure to the weather 
it increases because of oxidation of pyrite. 
Sulphate sulphur ranges usually from 0.05 


to 0.35 per cent in the 1.60 sp. gr. sink — 
fraction of coals from the Pittsburgh seam. 


1.50 sp. gr., and because the fractions 
heavier than that decline in organic sul- 


TABLE 11.—Average* and Range of Sulphur Forms* in Pittsburgh Seam by Benches 


THICK-VEIN YOUGHIOGHENY MINE F AND GREENE County MIneE I 
Raa Nee S TA anol Ss ae So a RE NF EI Se 


Pyritic, Per Cent |Sulphate, Per Cent| Organic, Per Cent| Total, Per Cent 


Thick- Thick- 


Vath yeas ie a a pene Al 2 no ye yi ein Greens 
Yough rth oug’ riba oug. rise, oug. > 
Mine F Mine I Mine F Mine I Mine FE Mine I Mine hh Mine I 
Top Coale 
Averages toto ead hes 1.85 2.75 0.03 0.02 0.85 1.45 2.73 4.21 
Maximum... 4.50 3521 0.08 0.04 1.08 1.61 5.66 4.56 
Minimum:  eetwe.ce. woes 0.64 2.35 0.01 0.00 0.76 1.31 1.49 3-76 
Top Breast 
Average..... 0.49 1.09 0.01 0.01 0.66 £23 1.16 2.33 
Maximum... I.20 Lay 0.02 0.01 0.69 1.34 I.91 2.43 
Minimum 0.11 0.96 0.00 0.00 0.63 1.09 0.75 2.21 
Bottom Breast¢ 
INVOTARC§ fate we eons vec wean 0.32 0.81 0.00 0.00 0.69 1.03 1.01 1.84 
Maxiniiin chi ete, cts 0.64 1.07 0.01 0.01 Ose ne | 1.34 2.18 
Minimusie ie ie actin tothe cis © 6 0.1 0.46 0.00 0.00 0.68 0.89 0.85 r.35 
Bottom 6 Inches 
Average Seed ak cess ha thal gil 0.95 3.48 0.02 0.02 0.88 1.22 1.85 4.72 
Maxitaum cme ecnmes cnn I.14 5.13 0.03 0.03 I.0r 1.30 2227 6.32 
Mani itis oan has cleryerurtcer ast 0.74 2. "3 0.01 0.01 0.81 1.37 1.56 3.38 
Seam 
AVGTARON sine sis asda oetatelsis'e 5 .41 0.01 oO. 2.61 
MAKING Me are. testa Aare + a 1.34 1.58 0.02 0.01 2.34 
Minimum , stein nant thie ya's ; 0.00 oO. a3 


* Mine F was represented by five samples; mine I by four samples. 
> Moisture-free basis. : 4 : ; ; 
¢ Top coal of mine F was 10 in. and of mine I, 18 in. Other benches of approximately equal thickness. 


‘ 4 Mine F; bearing-in bands not included in bottom breast. Mine I: bearing-in bands included in bottom 
reast. 


phur, the organic sulphur of the cleaned 
coal will be higher than that of the raw 


Pyritic sulphur occurs as relatively 
coarse pyrites and also as microscopic 


coal from which it is obtained. 

The sulphate form is a small percentage 
of the total sulphur and in most coal 
substances is negligible, usually amounting 
to 1 to 2 per cent of the total sulphur 
present and varying from 0.00 to 0.05 per 
cent in the 1.30 sp. gr. float and 1.30 to 


pyrites,!5 the latter being intimately mixed 
with the coal substance. The distribution 
of pyritic sulphur in respect to particle 
size will determine for each coal the 
percentage of pyritic sulphur that can be 
removed by coal-cleaning methods. The 
amount of pyritic sulphur is much more 
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_ variable than that of organic or sulphate 
sulphur; it ranges from o.10 per cent to as 
_ high as 1.60 per cent in the float at 1.30 sp. 
gr.; 0.50 per cent to 3.5 per cent in the 1.30 
to 1.60 sp. gr. fraction, and 1.0 to 20.0 per 
cent in the sink at 1.60 specific gravity. 

In the Pittsburgh seam all three forms 
are more highly concentrated in the top 
and bottom coals than in the breast coals 
and this is especially true for pyritic 
sulphur. A marked concentration of pyritic 
sulphur occurs in the top coal and bottom 
_ 6 in. for both the Thick-Vein Yough mine 


Vein Yough groups phosphorus varies 
from 0.010 to 0.025 per cent, with a greater 
variation from mine to mine than in the 
Panhandle. For the Connellsville group and 
the part of the Greene County group that 
is being mined, the amount of phosphorus 
is generally. medium (0.010 to 0.015 per 
cent) or low (under 0.010 per cent). 

The phosphorus of the over-all seam 
(excluding bands and coal between) for: 
eight mines in the Thin-Vein Yough and 
Thick-Vein Yough groups varies from 
0.010 to 0.025 per cent (Table 13). Phos- 


| TABLE 12.—Range of Sulphur Forms in Raw Coal from the Pittsburgh Seam of Pennsylvania 
PANHANDLE, THIN-VEIN YoucH, THicK-VEIN YoucH, AND GREENE County GROUPS 


Sulphur¢ in Raw Coal, Per Cent 


* Pyritic Sulphate Organic Total 
BRB ATIOLG Salar Gass e Vbebeit cls, nce tn 0.25 to 2.20 0.01 to 0.05 0.90 to 1.40 I.20 to 3.20 
Mpenin= Vein YOugn. 215.05 2)..0065 260 on: 0.15 to 0.50 0.01 to 0.02 0.65 to 0.80 0.90 to 1.20 
Pehick-Vein Youghi.. 4... fice. a eek 0.20 to 0.80 0.01 to 0.02 0.75 to 0.85 I.00 to 1.50 
mereene County «. 2. .dol ed Se4 elses ods 0.20 to 1.60 0.01 to 0.05 0.80 to 1.25 I.20 to 2.80 


@ Moisture-free basis. 


F, and Greene County mine J (Table 11). 
In the top coal of Greene County mine 7, 
the pyritic sulphur averages 2.75 per cent 
with a range from 2.35 to 3.21 per cent on 
four samples. In the bottom 6 in. it aver- 
_ aged 3.48 per cent with a range from 2.13 to 
' 5.13 per cent on four samples. Generally 
there is a tendency toward an increase 
in the percentage of pyritic and sulphate 
in the finer sizes as compared with the 
larger sizes. 

From the available data, the approximate 
_ percentage of various forms of sulphur in 
- raw coal of the Pittsburgh seam in Penn- 
|. sylvania is summarized in Table 12. 


PHOSPHORUS IN THE PITTSBURGH 
Coat SEAM 


Phosphorus in the Pittsburgh coal seam 


phorus usually is highest in the top ro in 
and bottom 6 in. and often it will be very 
highly concentrated in either or both of 
these benches. The bottom breast is con- 
sistently the lowest in phosphorus content 
for all mines of the Yough groups shown 
in Table 13. The top breast, top 10 in., and 
bottom 6 in. show wide variations in 
phosphorus from mine to mine. 

A more extensive breakdown of the seam 
of two high-phosphorus mines (Nos. 4 and 
5 in Table 13) shows that the 30 in. above 
the bands and the 25 in. below the bands 
are similar in phosphorus content to 
corresponding benches of the other mines. 
Mine No. 4 shows as high as 0.130 per 
cent phosphorus in a bench 28 to 34 in. 
above the bands. Where the top breast is 
28 in. or less in height in these two mines 
the phosphorus of the top breast is con- 


' varies widely both vertically from bench 
- to bench and horizontally over compara- 
tively small areas. The Panhandle coals 
are generally 0.015 per cent phosphorus or 
_ below while in the Thin-Vein and Thick- 


J 


sistently lower than when its thickness is 
over 28 in. On the other hand, the less 
the thickness of the top breast, the greater 
the phosphorus content of the top 10 in. The 


40 


phosphorus of the over-all seam for these two 
mines, however, is of the same magnitude. 

The wide variation of phosphorus hori- 
zontally within a small area is illustrated 
by Table 14, showing bench analyses of 
sections A and B, which are different 
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Thick-Vein Yough groups (Table 13) 
indicates an average reduction of 16.5 per 
cent from raw coal to float at 1.60 sp. gr. 
The maximum decrease in phosphorus was 
26.1 per cent on a high-phosphorus coal 
(mine No. 4) and the minimum (7.7 per 


TABLE 13.—Distribution of Phosphorus in the Pittsburgh Seam, by Benches 
THIN-VEIN AND THICK-VEIN YOUGHIOGHENY GROUPS 


rrr SERENE EER 


Thin-Vein Yough Group 


| Thick-Vein Yough Group 


Description and 
Specific Gravity 


Mine No. 


eee 


Top 10 Inches 


Raw Coal sic aes tes 0.061 0.032 0.015 0.075 0.026 0.027 0.017 0.006 
5.60 floats .ctie Jorcee 0.062 0.032 0.013 0.071 0.026 0.026 0.015 0.005 
TLOO Sinisa sais se wie hee 0.043 0.048 0.024 0.086 0.033 0.050 0.029 0.015 
Top Breast 
Raw coal 0.004 0.007 0.018 0.013 0.029 0.023 0.009 0.015 
1.60: Doaty: iss teas «cs 0.003 0.006 0.018 0.OIL 0.027 0.023 0.008 0 or5 
¥:60: Sink yee ae 0.025 0.028 0.041 0.026 0.090 0.045 0.030 0.018 
Bands and Coal Between 
Raw coal ic. anaes 0.008 0.014 0.012 0.012 0.079 0.016 0.004 
TiOofloatives ict ee 0.006 0.009 0.009 0.007 0.006 0.007 0.004 
¥.00 Ges ale Siretas oe 0.009 0.026 0.028 0.022 0.014 0.038 0.004 
Bottom Breast 
Raw Coals. cas aieatente 0.003 0.007 0.008 0.004 0.005 0.007 0.005 0.002 
1160 floatiies: ytieneys 0.003 0.007 0.007 0.003 0.003 0.006 0.004 0.002 
TOO GUN desc has herawig Oe 0.012 0.029 0.019 0.029 0.022 0.027 0.027 0.010 
Bottom 6 Inches 
Raw Coalsca. eccset a 0.030 0.029 0.032 0.071 0.078 0.034 0.028 0.045 
1.60 float... ... cee 68) i 0.020 0.017 0.019 0.029 0.025 0.017 0.013 0.023 
FOO Bitlet ies site gers 0.147 0.136 0.169 0.208 0.284 0.181 0.058 0.203 
Seam Excluding Bands 
Raw coals. secnn asa 0.016 0.014 0.016 0.023 0.025 0.020 0.010 0.013 
Fido Hoats5 i. tebe. 0.014 0.011 0.014 0.017 0.020 0.018 0.008 0.012 
1,06 Sink. (*. ae 0.059 0.042 0.042 0.149 0.147 0.051 0.031 0.006 


locations in the same mine of the Thin-Vein 
Yough group. The over-all seam analyses 
are 0.016 and 0.039 per cent phosphorus, 
respectively, for sections A and B raw coal. 
The wide variations in the phosphorus 
content of corresponding benches is to be 
noted in Table 14. 

A study of the washability of phosphorus 
in the over-all seam of the Thin-Vein and 


cent) was made on a coal of medium 
phosphorus content (mine No. 8). The 
phosphorus in the top ro in. and middle 
benches may be reduced slightly at 1.60 
sp. gr., usually o.cor to 0.002 per cent 
phosphorus. The bottom 6 in. offers the 
greatest opportunity for reduction of 
phosphorus by coal cleaning and a 4o to 
70 per cent reduction from raw coal to 
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~ float at 1.60 sp. gr. is indicated. The sink 
at 1.60 sp. gr. of the bottom 6 in. is usually 
high, ranging from 0.058 to 0.269 per cent 
phosphorus. In some places, the fire clay 
immediately underlying the seam has been 


TABLE 14.—Variation in Phosphorus, by 
Benches, in Seam 
SECTIONS FROM A THIN-VEIN YoucH MINE 


Phosphorous, Per Cent 


Section A Section B 
Bench . 

Raw 1.6 Raw 1.60 
Goat 1 5p. Cfo! iCoap.| Se Gr 
Float Float 
Top to in........] 0.030 | 0.030 | 0.190 | 0.1904 

Next IOin....... 0.056 |.0.051 a a 
meNext 28 in....... 0.004 | 0.003 | 0.009 | 0.007 
~ Next 25 ATVs eran 0.003 | 0.003 | 0.005 | 0.003 
BNext 2 ims! ise. 0.004 | 0.003 | 0.011 | 0.007 
Bottom 6in...... 0.035 | 0.018 | 0.080 | 0.016 
Over-all seam. ...| 0.016 | 0.013 | 0.039 | 0.033 


@ This “‘bench”’ is missing, since seam is lower in 
section B. 


- found to contain as high as 0.510 per cent 
phosphorus. In many mines the bottom 4 to 
6 in. is left in the mine because of its high 

ash and sulphur content, so that with this 

coal excluded the reduction in phosphorus 


TABLE 15.—Distribution of Phosphorus by 
Screen Sizes for a Thin-Vein Yough Mine 
and an Average of 14 Mines of the 
Pittsburgh Seam in Pennsylvania 


PER CENT 
tion of 
3 14 Mines, 
Round-hole eo A eg oe 
Opening, In eam in 
P & Yough Mine Penndyl- 
; vania 
RING MEP ease aces = ee sysis 0.080 0.029 
BEE AMY Sa laveo) stata, over oss sisters ers 0.075 0.020 
Dieter creleisishait ovate as os = 0.039 0.015 _ 
BE Gere cris ots, cis 2. ols" dbne soles 0.025 0.OII 
% aces 5 Roe ey ae eae 0.021 0.009 
be UB oe ae cree aierens <e'ess 0.022 0.010 


of the entire seam by coal cleaning would 
_ be considerably less. If the entire bottom 
61 in. were left in the mine, the percentage 
_ reduction of phosphorus by coal cleaning 
in the Thin-Vein Yough and Thick-Vein 
I Yough groups would be slight. 
The distribution of phosphorus into 
_ various sizes will depend to a considerable 


extent upon the mining practices, especially 
in the manner in which the coal is cut or 
sheared and the method of breaking it 
down before loading. Those are the factors 
that determine the size of the coal pro- 
duced from each of the various benches, 
and, since phosphorus varies widely in the 
different benches, they determine the 
sizes into which the phosphorus will be 
distributed. At one mine in the Thick-Vein 
Yough group the distribution of phos- 
phorus is as indicated by Table 15. The 
coal was undercut and the larger sizes 
were produced from the upper part of the 
seam, thus the sizes over 2-in. round hole, 


and particularly over 4 in., were much the 


higher in phosphorus. By overshooting the 
bottom breast and screening at 2 in., a 
lower phosphorus content in the minus 
2-in. coal was produced for metallurgical 
use and the plus 2 in. of higher phosphorus 
was used for the manufacture of gas. The 
average of 14 mines of the Pittsburgh seam 
of Pennsylvania generally indicates a 
higher phosphorus in the larger sizes. In 
most of these mines the coal was bottom- 
cut with no shearing. 


GREENE CouNTY Coat (INCLUDING 
SOUTHERN WASHINGTON COUNTY) 


Data on sulphur and other analytical 
properties of Greene County coal have 
been limited because of the generally 
heavy cover over the coal seam, the 
absence of outcrops except near the 
Monongahela River, and chiefly because 
of the small proportion of the seam 
developed. Until a few years ago the only 
data consisted of analyses of drill cores 
scattered over .wide areas. These drill 
cores generally showed higher sulphur than 
coal from Fayette County, although low 
and medium-sulphur coal is being mined in 
the northeast part of the county. Mines in 
northern West Virginia and in the Point © 
Marion district of Pennsylvania are gen- | 
erally high in sulphur, so that there has 
been little cause for believing that Greene 
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_ County coal as a whole would be of low or 
{ medium sulphur. In recent years additional 
information has been obtained on this 
coal, and such information as is available 
| to the authors will be presented herein. 
Seam sections from three mines are in- 
_ cluded but it is not to be inferred that these 
- are representative of the entire county. 
_ The seam is considerably thicker than 
the Panhandle, Thin-Vein Yough, or 
Thick-Vein Yough groups and is compa- 
rable to the Connellsville coal in this 
respect (Fig. 6). The bearing-in bands are 
_ higher in the seam and are not as regular 
- in respect to their location within the seam, 
nor are the bands as prominent or as thick 
_-as in the Panhandle, Thin-Vein Yough, and 
Thick-Vein Yough groups. 
The top coal,’ or head coal, as it is gen- 
erally called in this district, is high in ash 
and sulphur both in the raw coal and float 
at 1.60 sp. gr. (Fig. 6). In most mines 
the practice is to leave the head coal to 
support the draw slate. The top and bottom 
breasts are much higher both in ash and 
sulphur than the top and bottom breasts 
of the Panhandle, Thin-Vein and Thick- 
Vein Yough groups. The seam sections of 
Fig. 6 show higher sulphur than the average 
so far obtained in the part of Greene 
County extensively mined along the 
Monongahela River. Recent examinations 
_ by the U. S. Bureau of Mines* indicate 
_ that much of the pyritic sulphur in speci- 
- mens of Greene County coal is too finely 
- divided for removal by ordinary mechanical 
a cleaning. 
. EFFECT OF SELECTIVE MINING AND 
MINING PRACTICES ON QUALITIES 
oF CoAL PRODUCED 


Because of the depletion of the better 
~ quality coal of the Pittsburgh seam, coal 
of higher ash and sulphur will be increas- 
ingly depended upon for the production of 
coke for the blast furnace. Because of its 
access to river transportation, Greene 
; County undoubtedly will be a large 


i 
mal 


ae 

it 
fs 
+ 


DAVID H. DAVIS AND JOHN GRIFFEN 43 


producer of metallurgical coal. Since all 
available information indicates that the 
Panhandle and Greene County coals are 
higher in both organic and pyritic sulphur 
than coals formerly used from the Connells- 
ville and Youghiogheny districts, new 
problems in sulphur reduction will be 
presented. The problem will require careful 
study for each mine and will involve the 
study of mining methods, face-preparation 
practices, and selective mining in their 
relation to the improvements in analytical 
properties that may be effected by coal 
cleaning. Only by coordinating the under- 
ground practices and the coal-cleaning 
program will it be possible to obtain the 
maximum economical reduction in ash and 
sulphur. 

The following factors will each have its 
effect on the analysis of the coal produced: 

1. Selective mining in respect to areas of 
various levels of quality. 

2. Selective mining in respect to the 
proportion of the seam mined. 

3. The method of loading employed. 

4. The method of cutting and/or shear- 
ing. 

5. The method of breaking down the 
coal. 

6. The amount of refuse loaded with the 
coal. 

Selective mining may consist of mining 
certain areas of higher quality coal in the 
first years of the mine’s production, but 
this inevitably leads to an exhaustion of 
the better quality coal, leaving the coal of 
higher ash and sulphur for the remaining 
life of the mine. Some mines have operated 
without mechanical cleaning by following 
such a system of selective mining in the 
first years of operation and at some later 
date have installed mechanical cleaning 
equipment for beneficiation of the remain- 
ing coal of lower quality. 

Another type of selective mining is the 
practice of mining only certain benches of 
the seam, leaving benches of inferior coal 
in the mine. The practice of most com- 
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panies in the Panhandle, Thin-Vein Yough 
and Thick-Vein Yough areas has been to 
leave the bottom 4 to 6 in. of the seam in 
the mine, thereby producing a product of 
lower ash and sulphur than if the entire 
seam were removed. In the Connellsville 
and Greene County district the coal is of 
sufficient height to permit from to to 12 in. 
of head coal immediately below the draw 
slate to be left in place and thereby provide 
better roof conditions during mining. 
Since this bench is higher in ash and 
sulphur than the top and bottom breasts, 
the raw coal produced is lower in ash and 
sulphur than if the head coal had been 
mined. In addition, leaving the head coal 
in place has reduced the contamination 
of coal by the draw slate that overlies the 
seam. This practice is not followed in the 
Panhandle and Thin-Vein Yough groups 

‘because of the low height of the seam; in 
the Thick-Vein Yough group the top coal is 
held up in some mines. 

The use of mechanical loading equip- 
ment is bringing new problems that never 
existed with hand loading. In some cases 
it has been found impossible to mine 
selectively in respect to certain benches 
with mechanical loading, as had been the 
practice with hand loading. This has been 
particularly true of the bottom coal, and 
its inclusion in the coal increases the ash 
and sulphur appreciably. With top cutting, 
the blasting of the coal usually carries 
all the way to the fire-clay bottom and the 
inferior bottom 6 in. is usually broken 
up and loaded with coal from the other 
benches. If the bottoms are soft or wet 
and therefore very friable, it is often 
difficult to avoid their inclusion with the 
loaded coal even when the undercut is 
held 6 in. above the bottom of the seam. In 
some places, under the hand-loading 
system, where the close timbering permitted 
head coal to be left in place to support 
the draw slate, it has been found impossible 
to adopt mechanical loading without tak- 
ing down both head coal and draw slate. 


-mixed with the better quality coal of the 


at Se ne cotne 


This often means that part or all of the 
head coal and draw slate is loaded out — 
with the coal. As head coal is of intermedi-— 
ate quality, with inherently higher ash : 
and sulphur, mechanical cleaning can onlv — 
partially improve it. Thus by a change in K 
the mining system or in methods of oper- — 
ation, the characteristics of the coal in © 
respect to sizing, specific gravity, and 
analyses may be entirely changed. 

’ Not only are the average characteristics _ 
often changed by the use of mechanical _ 
loading equipment, but the uniformity in © 
respect to ash and sulphur may be ad- — 
versely affected. With hand loading the — 
production originates from a large number © 
of working places and there is a thorough | 
mixing of all coal originating from the one : 
section. With mechanical loading an entire : 
working place of from 20 to 40 or more 
tons is loaded out in a short time, with the — 
result that coal from a single place is 
concentrated in a trip of cars. This may or 
may not be serious, depending upon the ll 
variability of the coal from working place ; 
to working place. Some mines, particularly 
those of low sulphur, show little variation - 
from place to place within a section and © 
the influence of concentrating the produc- 
tion from one working place in one trip of — 
cars does not have much effect on the 
uniformity. In many of the higher slphur 
one bench to another at the same location | 
the variation in ash, sulphur and other 


mines the variation in sulphur from place | 
analytical properties may be fairly large. 


Vevey 


to place in the seam shows a wide range, 
and mechanical loading has had an adverse 
effect on the uniformity of the ash and 
sulphur in the raw coal. 

It has been shown previously that from 
When a prominent bone or slate band 
splits the better quality coal into two 
benches, it has sometimes been found 
advantageous to cut out this band and 
load it separately, so that it will not become 


other benches. A certairi bench may require 
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_ a greater amount of crushing than others 
to permit mechanical cleaning and it may 
be found expedient to cut in this bench. 
Certain sizes of coal may be produced 
from a given bench in the seam and the 
analytical properties of this bench may be 
suited for a particular purpose, while 
another bench may have properties more 
desirable for another use. By coordination 

of the cutting and shooting with the out- 

side screening facilities, it may be possible 

‘to prepare coal more suitable to certain 
‘requirements than if the underground and 

_ outside preparation were entirely unrelated. 
_ The amount of refuse loaded with the 

_coal has a decided influence on the results 


-TaBLE 16.—Variation of Ash in Minus 
4-inch Raw Coal before and after 
Passing through Storage Bins 
THIN-VEIN YoucH MInE—MECHANICAL 
LOADING 


Ash, Moisture-free Basis, Per Cent 


Before the Bins After the Bins 


Aver-|Max-| Min- 


_ Aver- tex Min- 
age imum|imum 


age jimumimum Range 


Range 


Qa 520. 510.001 13.90) O85 fEE.OF Fes 4.6 


BD aviation from Percentage of Results 


Average, 
ee ent Before the Bins | After the Bins 
ie AE 105 TSM 40.2 
+ £.0 33.3 701.0) 
et 2)-.0 70.5 98.0 
a) 89.2 99.0 
EE 520 96.0 I00.0 
+10.0 99.0 
+15.0 100.0 


obtained by the coal-cleaning equipment 
_and particularly in the fine coal under 3¢ in. 
in size. Although the technical problems of 
cleaning fine coal down to even 100 or 150 
“mesh have been solved, the economics of 
coal cleaning must also be considered in 
relation to the removal of refuse from 
various sizes. The sizes below 3¢ in. 
‘require a greater investment in coal- 


r 


i oe 


cleaning equipment per ton of capacity 
than do coal sizes over 3¢ in. The con- 
tamination of the water system of the 
cleaning plant with high-ash slurry will » 


TABLE 17.—I mprovement in Uniformity of 
Cleaned Coal Produced by Controlled 
Dumping of Mine Cars at a Greene 
County Mine 


Total Sulphur,¢ Per Cent, 
in Cleaned Coal 


Raw Coal 
to Cleaning Plant a 
ver- | Maxi-| Mini- 
ageo | mum | mum Range 
Mixed through mixing 
DIDS sterere vake ei sicteielel= P53 eusOS, ede lS geo. (5 5 
Mixed through mixing 
bins plus controlled 
dumping of mine 
CATS Ja. ste ene ate Te So pest oletat 7 | ones 


* Moisture-free basis. , : 
>Coal produced from the same sections during 
successive periods of operation. 


result in either higher ash cleaned coal 
(unless froth flotation is employed) or in a 
higher refuse loss if these solids are wasted. 
Therefore in order to minimize the prob- 
lems and expense of cleaning the sizes 
under 3g in. and to produce a cleaned coal 
of the highest quality with economy, it 
will be found advantageous to prevent 
undue contamination of the fines in the 
mining operation. It cannot be too strongly 
emphasized that the matter of realizing a 
given analytical specification for any par- 
ticular coal depends to a considerable 
extent on the coordination between the 
mechanical cleaning program and the 
underground mining system and practice. 


EFFECT ON UNIFORMITY OF MIXING 
AND CONTROLLING OUTPUT 
By ANALYSES 


In a uniform’ coal the analytical values 
are distributed over a smaller range than 
in a highly variable coal. To express 
variability, or, conversely, uniformity, the 
usual practice is to show the maximum 
variation between high and low values. 
This is often called the “range.’’ Another 
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method is to tabulate the percentage of 
samples that falls within certain limits of 
the mean of a number of samples analyzed. 


Taste 18.—Mechanical Cleaning Plants Treating Pitisburgh-seam Coal in Pennsylvania 
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analyses of the average coal below certain 
predetermined limits. This method involves 
the regular sampling of all working faces 


We tee weet pe Det eT Ad NO 


Capac- Si 
Y ity, a6 : - : Mine or 
Started ae rae Kind of Cleaning Unit Coke Plant Company 
Hour 
1913 150 34-0 Foust jigs Aliquippa J a and Laughlin Steel — 
orp. ? 
I9QI4 50 34-0 Foust jigs Aliquippa* Jones and Laughlin Steel 
orp. : ' 
1917 50 34-0 Foust jigs Aliquippa J ones and Laughlin Steel : 
Tp. f 
1923 I50 34-0 yous jigs and Overstrom wet | Salem No. 1 Reystone Coal and Coke ; 
tables a 
1927 to) 34-0 Pittsburgh jig Latrobe? Saxman Coal and Coke Co. 
yoy og 2 eta Arms air tables _ | Champion No. 3 ets Coal Co. 
1928 200 4 -0 esse hydros and Arms air | Clinton block Clinton Block Coal Co. | 
tables Sy 4 
1928 250 4-0 Peale-Davis air tables Lincoln No. te Lincoln Gas Coal Co. 7 
1928 100 4-90 Link-Belt Baum jig Hazlewood? ~ Jones and Laughlin Steel 
orp. i 
1928 650 4 -0 Rheolaveur Champion No. 1 | Pittsburgh Coal Co. $ 
1929 50 I -o American air tables Humphreys Hemyneoy Coal and Coke . 
1929 700 4 -0 Rheolaveur Nemacolin Buckeye Coal Co. ; 
1929 200 4 -0 Peale-Davis air tables Brier Hill¢ wets Vein Consol. Coal : 
0. 
192 120 4 —- \ | Menzies hydroseparators Canonsburg Coal Co. 1 
ate 450 4 -0 Rheolaveur Champion No. 4 | Pittsburgh Coal Co. 
1930 450 4 -0 Rheolaveur Champion No. 5 | Pittsburgh Coal Co, 
1930 I40 54-0 American air tables Clyde No. 3 W. J. Rainey, Inc. : 
1931 350 2 -0 Peale-Davis air tables and Link-| Hannastown Jamison Coal and Coke 
Belt Baum jig Co. 
1931 500 434- 3 | Chance Cone Coverdale No. 8 sft: Terminal Coal 
O. 
1931 300 4 — 4% | Menzies hydroseparators Hutchinson Westmoreland Coal Co. 
1931 800 4 -0 Rheolaveur Clairton? Carnegie-Illinois Steel _Co. 
1933 300 4 — 44 | Chance Cone Avella Acme Coal Cleaning Co, 
1033 100 4 -— 6 Jeffrey Baum jig Naomi Hillman Coal and Coke Co. 
eu 400 4 -0 Rheolaveur and Stump airflows | Champion No. 6¢| Pittsburgh Coal Co. 
1936 100 4 -%4 Menzies hydroseparator Champion No. 2 | Pittsburgh Coal Co. 
1937 350 -o Link-Belt Baum jigs Isabella Weirton Coal Co. 
1938 275 é - 14 | Chance cone Magee Westmoreland Coal Co. 
1938 400 4 -0 ine hydros and Stump air | Mather Mather Collieries Co. 
ows 
1938 I5 34-0 Plato wet table Atlantic No. 2 Atlantic Crushed Coke Co. 
1939 95 4 -0 Link-Belt Baum jig Isabella’ Weirton Coal Co. | 
1939 45 34-0 Stump air flows one No. 1 to} Westmoreland Mining Co. 
‘ 0. 2 ; 
1940 240 4 — 34 | Rheolaveur Hazelwoode,9 Jones and Laughlin Steel 
orp. 
1941 160 34-0 Rheolaveur Hazelwoode.4 J ns and Laughlin Steel 
orp. 
IO41 350 5 -I Menzies hydroseparators Warwick Duquesne Light Co. 
IQ4X 325 4 — 36 | Menzies hydroseparators and | National No. 3 National Mining Co. 
and hydrotator 
1943 500 4 -0 gierpaee hydroseparators and | Crucible. Crucible Fuel Co. 
ydrotator 
1943 700 4 -0 Jeffrey Baum jig and hydrotator| Clyde Republic Steel Corp. 
1943 120 4 — % | Jeffrey diaphragm jig Sa No. 1 and | Westmoreland Mining Co. 
0. 2 . 


@ Located at coke plant. 

+ Closed down aboyt 1943. 

¢ Closed down about 1939. 

4 Closed down about 1933. . 

* Located in Ohio but treating coal from Pennsylvania only. 

/ Treating mine rock and middlings from main washery, recovering steam coal. 
9 Replaced installation made in 1928, 

+ Addition to 1940 installation. 


One method of securing uniformity is to and is particularly applicable to mines 
mine coal from various sections or places operating in so-called “spotty” coal. The 
of a mine at rates controlled to keep the mine cars may or may not be controlled in 
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_ their sequence of dumping. Some mines 


have storage bins ahead of the cleaning 
plant primarily for purposes of securing a 
uniform feed to the cleaning units. These 
bins also serve to some extent as mixing 
bins. 

Other mines have bins designed espe- 


cially to produce good mixing, in which 


4 


the raw coal is distributed in successive 
layers along the entire length of the bin, 
while the coal is removed at several points 
from the bottom of the bin. The use of 
bins, either for storage ahead of the 
preparation plant or for the specific pur- 


_ pose of mixing the raw coal, has a beneficial 


effect by reducing variability of the raw 
coal. One mine in the Thin-Vein Yough 
group has three tooo-ton circular bins 
operating in parallel for storing the minus 


- 4-In. raw coal ahead of the cleaning plant. 
_ In order to determine the reduction in the 


variability that was being obtained by 
the use of these bins, a series of individual 
increment samples were collected before 
the minus 4-in. raw coal entered and after 


_ it passed through the bin. These results are 


shown in Table 16 and indicate the mixing 
effect obtained by reducing the range in 


the ash of the individual increment sam- 


ples. ‘‘Before the bins” the range was 
13.9 per cent ash and “after the bins” 


- the range was only 4.6 per cent ash. It is 


apparent that the storage of raw coal 


- produced greater uniformity and greatly 
reduced the fluctuation in ash content of 
_ the coal to the cleaning plant. 


As a corollary to controlling output by 


analyses, the practice of mixing or blending 
- mine cars from various sections, according 
to their analyses, greatly increased the 
uniformity of the cleaned coal. One Greene 
~ County mine follows the system of ‘“con- 
trolled output according to analyses,” 


mixing of mine cars before dumping, and 
mixing by a specially designed mixing bin. 


Employing controlled dumping of mine 


cars according to their analyses of the raw 
coal is shown in Table 17, where it is seen 
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that the range of sulphur in the cleaned 
coal sampled at the coke plant was reduced 
from 0.55 to 0.24 per cent sulphur. Under 
the two conditions of mixing the raw coal 
originated from the same sections of the 
mine during successive periods of operation 
and was washed in the same plant under 
identical conditions of operation. 

The importance of uniformity in coke 
quality has been strongly emphasized in a 
recent publication" of the U. S. Bureau of 
Mines. This publication stresses the need 
for attaining uniformity in coke by attack- 
ing the problem at all possible points along 
the line from the selection and mining of 
coals to the blast furnace, and gives special 
attention to the increased uniformity that 
can be achieved by installing coal-cleaning 
plants. 


MECHANICAL COAL CLEANING 


“In 1938, H. N. Eavenson made the 
statement that: 


Within the last 10 years cleaning coal 
by both dry and wet processes has become 
rather common at the largest plants in the 
Pittsburgh district, and now the district 
contains plants that for size and completeness 
are not surpassed anywhere. . . . 

The erection of these plants has been criti- 
cized by some as unnecessary, and as an un- 
wanted and additional expense to the industry 
in this section. Neglecting the primary facts 
that increasing market demands for quality 
and uniformity and competition with better 
quality Southern coals made such plants 
necessary, the critics also overlooked the fact 
that much of the earliest coal washing in this 
country was done in the Pittsburgh’ district. 
In 1874 jigs were in operation at the Larimer 
coke plant, owned by Carnegie and Company, 
washing the slack coal shipped there from the 
Penn and Westmoreland mines, and in 1875 
washers were in operation at Ellrod station 
and at two plants at Shaner station. In 1880 
there were 13 plants washing coal in Allegheny, 
Fayette, and Westmoreland Counties, and 
an additional one was built at Latrobe in 188r. 


Eavenson describes the types of washers 
in use in these plants in 1880, none of 
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which would be generally known today. 
He adds: 


The use of these plants was gradually dis- 
continued, and for many years, from about 
1900 to 1926, little coal was washed in the 
entire area. 


Table 18 is a tabulation of the cleaning 
plants treating Pittsburgh-seam coal that 
have been erected since 1912. In 1927, 
Pittsburgh Coal Co. built its first large 
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9800 tons. Based on 2000 hr. operation per 
year, these plants could treat 19,600,000 
tons annually. As many of the larger 


plants operate more than 2000 hr. per. 


year, the annual input now probably 
exceeds 20,000,000 tons. One of these 
large plants, which operates 6000 hr. per 
year, has actually handled a little more than 
5,000,000 tons during a 12-month period. 
The authors have been unable to find 
any statistics giving directly the tonnage 


TABLE 19.—Washed* and Unwashed Coal Charged in By-product Coke Ovens, 1,000 Net Tons? 


By-product Ovens 


New York, Ohio, Pennsylvania, od 
y Total U.S.A. and West Virginiae Pennsylvania’ 
ear 
Percent- Percent- Percent- 
Total Washed age Total Washed age Total Washed age 
Washed Washed Washed 

1925 57,110 8,901 TS a7 29,617 1,676 S.7 14,680 1,277 8.7 
1926 63,647 10,007 5 iy 33,441 2,246 6.7 16,895 1,725 10.2 
1927 63,240 8,866 I4.0 34.342 1,568 4.6 16,691 1,568 9.4 
1928 70,166 10,580 a 39.259 3,156 8.0 20,326 2,464 22.X 
1929 76,759 II,O14 14.3 42,201 2,890 6.9 21,64. 2,723 12.6 
1930 65,521 10,905 16.6 35,568 3,768 10.6 18,77 2,137 aa ta 
1931 46,846 8,253 17.6 23,996 3,687 15.4 11,250 2,190 19.5 
1932 30,887 6,717 25.7, 15,394 4,170 27.1 6,115 2,916 47.7 
1933 38,681 8,333 ans 20,9051 5,331 25.4 9,181 3,801 41.4 
1934 44.343 9,404 21.8 24,029 5,625 23.4 10,083 3,890 38.6 
1935 49,046 11,692 23.8 27,254 7,870 28.9 11,908 5,775 48.5 
1936 63,244 15,342 24.2 36,297 9,741 26.8 18,380 7,474 40.7 
1937 69,575 17,257 24.8 38,783 10,714 27.6 19,907 8,327 41.8 
1938 45,266 13,523 29.9 23,135 7,972 34.5 10,400 5,825 56.0 
1939 61,216 15,869 25.9 33,257 9,156 27.5 16,000 6,323 39.5 
1940 76,583 19,667 25.7 42,641 II,219 26.3 21,719 8,134 37-5 
I94I 82,600 20,672 25.0 45,849 12,971 28.3 22,850 8,301 36.3 
1942 87,074 23,453 26.7 48,381 14,408 29.8 23,889 9,956 41.7 


« ‘*Washed"’ refers to coal mechanically cleaned by either wet or pneumatic methods. 


’ Minerals Yearbook, U. S. Bur. Mines. 


¢ From 69 to 75 per cent of the coal used was produced in Pennsylvania. 
4 From 85 to 90 per cent of the coal used was produced in Pennsylvania. 


cleaning plant and followed with three more 
from 1928 to 10930. Several of the steel 
companies also erected plants at coke 
plants or mines in the district from 1928 
to 1931. These installations pioneered a 
new cleaning-plant program for the district 
that has continued to the present. The 
cleaning equipment installed has been 
largely of new types imported from Europe 
or developed in this country since 1925. 
The rated hourly capacity of the plants 
shown in Table 18 is 10,495 tons. Making 
corrections for abandonments and replace- 
ments, the net hourly capacity today is 


or proportion of Pittsburgh-seam coal that 
has been mechanically cleaned. The annual 
capacity of the cleaning plants listed in 
Table 18 when compared with the produc- 
tion of coal “probably from the Pittsburgh 
seam” given in Table 1 indicates that at 
least 25 per cent of the output is mechan- 
ically cleaned. Another approach is afforded 
by the data furnished in Minerals Yearbook 
covering the tonnage of mechanically 
cleaned or ‘“‘washed” coal used in the 
manufacture of by-product and beehive 
coke. Tables 19 and 20 furnish this informa- 
tion for the years 1925 to 1942 inclusive. 
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These data do not disclose the tonnage of 
coal from the Pittsburgh seam, but do give 
that from Pennsylvania, of which the 
Pittsburgh seam furnishes such a very 
large proportion. In Table 19 the large 
‘Increase in the proportion of ‘washed 
coal” used in the manufacture of by- 
product coke in ovens in New York, 
Ohio, Pennsylvania, and West Virginia 
‘and in Pennsylvania only, undoubtedly 
reflects the increasing output of the coal- 


TABLE 20.—Washed* and Unwashed Coal 
_ Charged i in Beehive Ovens in Pennsylvania 
Net Tons? 


Percentage 


Year Total Washed Bened 
1925 14,572,282 1,690,751 II.6 
1926 16,344,439 | 1,880,863 Gis 5 
1927 8,729,862 848,799 9.7 
1928 5,266,357 659,616 12.5 
1929 8,195,528 1,036,799 12.7 
1930 3,018,669 561,404 18.6 
1931 1,309,929 242,352 18.5 
1932 777,778 118,531 I5.2 
1933 1,052,491 128,665 i 
1934 1,124,476 333,681 29.7 
1935 881,499 171,098 19.4 
1936 1,879,187 585,908 31.2 
1937 3,906,754 730,707 18.7 
1938 765,253 333,686 43.6 
1939 1,775,307 382,297 Br. 5 
1940 3,997,312 576,372 14.4 
I941 9,196,363 | 1,096,784 II.9 
1942 II,292,336 1,448,255 12.8 
a ‘*Washed’’ refers to coal mechanically cleaned 


either by wet or pneumatic methods. 

’ Minerals Yearbook, U. S. Bur.. Mines. 
cleaning plants installed for cleaning 
Pittsburgh-seam coal given in Table 18. 

Regarding the data on “washed coal” 
used in the manufacture of beehive coke 
in Pennsylvania (Table 20), this can quite 
safely be taken as representing Pittsburgh- 
seam coal, ‘as the data in Table 3 show 
that virtually all coal so used comes from 
this seam. Table 20 shows that the tonnage 
and proportion of washed coal from the 
Pittsburgh seam coked in beehive ovens 
has fluctuated considerably between 1925 
and 1942, but at present the proportion 
is about the same as in 1925 and 1926 while 
the tonnage is somewhat less. Table 10, 
covering the coal used in by-product 
ovens, shows a very different situation; the 


; 


tonnage and proportion of ‘‘ washed” coal 
has risen very considerably from 1928 to 
1942. 

From the information in Tables 19 and 
20, it may be inferred that more than 
one half of the some 20,000,000 tons of 
mechanically cleaned Pittsburgh-seam coal 
annually produced in recent years has 
been used in the manufacture of coke. 


ANALYTICAL RESULTS. OBTAINED 
BY MECHANICAL CLEANING 


The foregoing description indicates that 
the results obtainable by mechanical clean- 
ing will be considerably affected by the 
seam characteristics and by the method of 
mining the coal, which largely determines 
the amount of higher ash and sulphur top 
and bottom coal included in the run-of- 
mine output. The method of mining also 
affects the amount of slate from above the 
coal and fire clay from below the seam 
that is loaded. Generally, the two latter 
impurities can be almost completely 
removed by efficient mechanical cleaning 
equipment, except in extremely fine sizes. 
Since fire clay and draw slate readily 
break into the extreme fines, they often 
create difficulties in their removal, because 
the fine impurities cannot be removed by 
air cleaning, and with wet cleaning slimes 
are produced from these materials and 
contaminate the water system. 

The type of equipment used has some 
effect upon cleaning results and efficiencies. 
When mechanical cleaning is used the 
general practice is to wet-wash the coarse 
coal; that is, from 3¢ to 5 in. in size. On the 
sizes below 3g in., wet cleaning has been 
more generally al but where the greatest 
improvement in the ash and sulphur of ~ 
the fines is not imperative, air cleaning is 
often used. So far, most cleaning plants 
have been installed to produce only clean 
coal and refuse, but several produce a 
third product—a secondary coal of some- 
what lower quality than the primary 
clean coal. This latter practice probably 
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will be adopted more frequently in the 
future, to make possible a greater reduction 
in the sulphur of the primary clean coal 
that is to be used for cokemaking. 

Typical performance of various types of 
mechanical cleaning plants handling coals 


raw coal floating at the specific gravity 
noted. The method of mining the raw coal 
in each case is indicated. Where the coal is 
entirely or almost entirely hand-loaded, 
the amount of refuse removed is usually 
from 3 to 6 per cent of the input tonnage. 


TABLE 21.—Typical Cleaning-plant Performance, Panhandle Group 


Mineor'cleaning plant. oc. ncs.se. ssa cey 


Ash'or'sulphur, percent. .)¢s< 6 eke rts 


Feed. coal®, 545. un akteiels oe Sa ee oe eee 
Feed’ coal) float 1.60 spi greets cnet tre 
Clean\coal 5.63) cic ten sta tates Be ite eal a ee 
Mark-up in analysis clean coal over feed coal, 

floata.60 SDAGr cont oe pcre ecen eieopae are 
Reduction in analysis of feed coal to clean coal 

as percentage of feed-coal analysis......... 


s 4-in. to 0 from run-of-mine that had been hand-loaded, with only 4 to 6 in. of bottom coal unmined. 


Coal cleaned by wet system. 

6 4-in. to 48-mesh only. 
from the several groups are given in 
Tables 21, 22 and 23. No attempt has 
been made to show the tonnage recoveries 
of the various plants, as it would compli- 
cate the presentation of the data. In all 


As the proportion of mechanically loaded 
coal increases, the amount of reject 
increases, and with all or nearly all mechan- 


ical loading it will vary from 8 to 30 per 


cent in all districts. This large increase in 


TABLE 22.—Typical Cleaning-plant Performance, Thick-vein Youghiogheny and Connells- 
ville Groups 


Mine or cleaning plant..... Ue 


Sul- 


Ash phur 


Ash or sulphur, per cent.... 


Feed coals. «ice ceca vwie 
Feed coal, float 1.60 sp. gr.. 
Feed coal, float 1.55 sp. gr.. 
Cleantcpal dency aise gete vate 
Mark-up in analysis clean 
coal over feed coal float at 
OPicats givens c.ce ch 
Reduction in analysis of feed 
coal to clean coal as per- 
centage of feed coal..... 


8.06 |1.24 
5.444/1.084 


6.44 |1.13 


We BB« 
Sul- Sul- 
Ash phur Ash phur 
1.37|10.39| 1.57 748 oy G 
84) r.04¢ 
1.09] 6.77] 1.16 
F023) 706) 2. tO er I.02 


0.03} 0.3 |—0.02 


20.5 |12.8 |20.9 |17.5 |31.9 |24.2‘|52.0 | 8.1 


@ 4-in. to o from run-of-mine, hand-loaded with selective mining: i.e., top and bottom coal left unmined; 


4 to 3g-in. wet-cleaned; 3-in. to 0 air-cleaned. 


Run-of-mine crushed to minus 4-in.; hand-loaded with selective mining. All wet-cleaned. 


¢ Same as b except that a small percentage of machine-loaded Greene 


cleaned. 
4 4-in, to 48-mesh only. 


ounty coal was included. All wet- 


¢ 4-in. to 0 from run-of-mine machine-loaded. All sizes wet-cleaned. 


cases, the results cover the making of only 
two products, clean coal and refuse. Unless 
otherwise noted in the tables, the actual 
recovery of clean coal, dry basis, is equal 
to or slightly greater than the amount of 


refuse content with mechanical loading 
comes primarily from added slate and fire 
clay from above and below the seam and 


from the inclusion of all the bearing-in 
bands. 


ee a ee Le aa 


” 


- 
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Panhandle Group 


The data of Table 21 give the results 
when treating only hand-loaded coal, 4-in. 
to o size, by a wet cleaning system. The 
percentage reductions in ash are consider- 
able and vary from 26 to 38 per cent, being 
greater with the higher ash feed coals. It 
will be noted that the mark-up in ash 


hand-loaded coal, owing to a greater 
proportion of extreme fines having an ash 
content that cannot be thoroughly cleaned. 

The effect of mechanical loading on the 
removal of sulphur by cleaning cannot be 
reduced to general statements. A knowl- 
edge of the local mining conditions is 
essential for any predictions. 


TABLE 23.—T ypical Cleaning-plant Performance, Greene County District 


Mine or cleaning plant.......... 


Ze 


Ash or sulphur, per cent......... 


Ask Sul- 


phur Ash 


8.40] 1.55/10.14 
Feed coal, float 1.60 sp. gr.¢..... 5.53] 1.25| 7.54 
Feed coal, float 1.55 sp. gr.¢..... 
Feed coal, float 1.50 sp. gr.¢..... 
SileamuGonlaaal oi siete cilale« alevoate 
Mark-up in analysis, clean coal 
over feed coal float at sp. gr. 
SENET G Pict ena, O58 KS ous setae ovens 
Reduction in analysis of feed coal 
to clean coal as percentage of 
Peedvcoale iy. dete s cae Aiea 


6.36] 1.32] 8.40 


0.83] 0.07] 0.86 


-65/12.81 


T2477 
I.29) 7.49 


0.05) 0.32 


22 12800 (an Sar § 


* 4-in. to o from run-of-mine. Hand-loaded with selective mining: i.e., top and bottom coal left unmined; 


4 to 3%-in. wet-cleaned; 34-in. to 0 air-cleaned. 


6 Run-of-mine crushed to minus 4-in.; hand-loaded with selective mining. All wet-cleaned. 


e¢ Run-of-mine crushed to minus 4-in. 


A large percentage of machine-loaded coal, where the bottom coal and 


more of the top coal than under b is mined. All wet-cleaned. 


4 4-in. to 48-mesh. 


analysis of the clean coal over the feed 
coal, 4-in. to 48-mesh size floating at 1.60 
sp. gr., ranges from only 0.3 too.5 per cent 
ash. The reductions in sulphur are not so 
great, varying from 7 to 27 per cent, and 
are generally greater with the feed coals of 
higher sulphur. The sulphur analyses of 
the clean coals of Table 21 are quite high 
for coals used for making coke, but no 


special efforts were being made to obtain 
‘the ultimate in sulphur reduction, as these 


coals were not being used for cokemaking. 

Although data on the cleaning of 
mechanically loaded coal from the Pan- 
handle group are not given, it is known that 
the changes in ash content resulting from 
washing are somewhat different than with 
hand-loaded coal. Owing to the much 
higher ash content of the feed coal due to 
free impurities, the reduction in ash will 
be greater. Mechanical loading tends to 


raise the mark-up in ash analysis over 


Thick-Vein Yough and Connellsville Groups 


The data of Tables 21 and 22 indicate 
that hand-loaded mines of the Thick-Vein 
and Connellsville groups produced a lower 
ash feed coal than the hand-loaded mines 
of the Panhandle group. This is due pri- 
marily to leaving top coal as well as bottom 
coal unmined. As a result, the reduction in © 
ash in the Thick-Vein and Connellsville 
groups is not so great as with the Pan- 
handle group, being about 20 per cent. The 
data on plant W show that the mark-up 
in ash analysis of clean coal over feed coal 
floating at 1.55 sp. gr. has been held to a 
low figure, i.e., 0.3 to 0.4 per cent ash. 

The sulphur content of hand-loaded coals 
in Table 22 is much lower than that of the 
Panhandle coals and the reduction in 
sulphur analysis is lower, being from 9 to 
17 per cent. The reduction of 24 per cent 
shown by W(c) (Greene Co.) is largely 
due to higher sulphur coal in the feed, 
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which was brought about by the change 
from hand to machine loading. 

The results for a mechanically loaded 
coal are given under mine BB. A very 
great reduction in ash, 52 per cent, is 
shown, and the mark-up in ash is extremely 
low for such a high-ash feed coal. The 
sulphur content of the feed coal is low and 
consequently the reduction in sulphur is 
nominal. The negative mark-up in sulphur 
analysis and low mark-up in ash analysis 
are partly due to the flowsheet of the 
cleaning plant, which provides for the 
crushing of a substantial amount of 
middlings, which are rewashed. 


Greene County Group 


The data on Table 23 show results with 
both hand and machine-loaded feed coals, 
and with two systems of cleaning. In 
Table 23, results are shown for mine Z 
for both hand loading with selective min- 
ing (b) and for a high percentage of 
' machine-loaded coal (c). 

The two sets of data for Z(c) show 
higher ash in the feed, owing to machine 
loading of a large proportion of the 
coal. In one of these cases the feed-coal 
sulphur is about the average of that of the 
hand-loaded coals, while the other shows 
1.90 per cent sulphur. The sulphur content 
of the feed coal, float 1.50 sp. gr., of the 
machine-loaded coal is higher than that 
of any of the hand-loaded coals. The 
reductions in ash are similar to those 
shown in Tables 21 and 22 with feed 
coals of similar ash content, and the 
machine-loaded coal shows a much greater 
reduction than the hand-loaded. 

Like the Panhandle mines, the Greene 
County mines produce coal higher in 
sulphur content than the Yough and the 
Connellsville groups. The Greene County 
coals so far cleaned tend to have a lower 
sulphur content than the Panhandle group 
and, for the same feed-coal sulphur 
analysis, show a lower sulphur content 
in the feed-coal float at 1.50 to 1.60 sp. gr. 


For this reason, the reduction in sulphur 
analysis obtained with these Greene 
County coals is greater than with Pan- 
handle coals of the same feed-coal sulphur 
content. 

The coals wet-cleaned, mine Z, show 
lower mark-up in ash and sulphur analyses 
than the coals cleaned by combined: wet 
and air systems, mines X and Y (Table 23). 
The results for the machine-loaded coal of 
mine Z, with a feed-coal analysis of 14 
per cent ash and 1.90 per cent sulphur, 
show the higher mark-up in analysis 
caused by the higher impurity content 
of the 48-mesh to o feed coal that is only 
partly cleaned, and also by the sliming of 
the machine-loaded impurities. 

The reductions in analysis obtained by 
coal cleaning are largely determined by 
the spread in analysis between the feed 
coal and that portion of it floating at the 
specific gravity of separation. This is 
shown by the data on mines X and Y. 
Mine X shows a spread of 2.87 per cent 
ash, or 34 per cent of the feed-coal analysis, 
while mine Y shows a spread of 2.60 per 
cent ash, or 26 per cent of the feed-coal 
analysis. The actual ash reduction obtained 


by an identical type of cleaning plant are 


24 and 17 per cent, respectively. 

Fig. 7 shows the improvement in ash 
and sulphur analysis effected by two 
cleaning plants, one handling Connellsville 
district coal and the other Greene County 
coal. The performance has been plotted 
against the ash and sulphur content of the 
feed coal. The data for each plant cover 
long periods of time and upward of several 
millions of tons of coal. The Connellsville 


coal was hand-loaded with selective mining 


except where the data show the highest ash 


- and sulphur in the feed coal, in which 


there was included a small proportion of 
machine-loaded coal from Greene County. 
With the straight Greene County coal 
there was a gradual change from hand 
loading to more than 80 per cent mechan- 
ical loading. The information shown by 
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Per cent reduction 
in analysis | 30 


loom) 
ou 
nN 
oO 


Reduction in analysis of feed coal to clean coal 


as percentage of feed-coal analysis 


Clean coal, per cent ash 
teal 
(a) 


6.0 0 
8.0 9.0 10.0 11.0 12.0 13.0 14.0 
Feed coal,per cent ash 
1:5 
Per cert S 
sulphur 8 
1.3 re 
es WD 
2 om 
‘Ss ete 
311 he 
eS + = 
a 88 
8 0.9 $ iS 
Sc 4 cD 
3 Per cent reduction cf 
rs) in andlysts 83 
0.7 S5 
pen 
3 S 
; faa 
0.5 0 
i 1.00 1.20 1.40 1.60 1.80 2.00 2.20 


_ Feed coal, per cent sulphur 
Fic. 7.—PERFORMANCE OF WET-CLEANING PLANTS TREATING RUN-OF-MINE COAL CRUSHED MINUS 
4-INCH, ASH AND SULPHUR REDUCTION WITH VARYING QUALITIES OF FEED COAL. 


A. Connellsville district, hand-loaded run-of-mine with selective mining. : 
B. Greene County, mostly hand-loaded run-of-mine with selective mining, but including 


~ some machine-loaded coal. 
C.. Greene County, over 80 per cent machine-loaded run-of-mine with the bottom coal and 


_ more of the top coal than under B loaded. 


Pa 
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Fig. 7 is different from the data of Tables 22 
and 23, but is in substantial agreement 
with the latter, bringing out additional 
relationships. 

With the Connellsville district coals, the 
ash content of the clean coal remained 
practically constant as the ash content 
of the feed coal increased, while the sulphur 
analysis of the clean coal tended to increase 
as the sulphur content of the feed coal 
increased. This situation was caused by 
the inherent characteristics of this coal; 
i.e., the ash of the feed float coal remained 
substantially constant, with little or no 
increase in the ash of the extreme fines, 
while its sulphur content increased as the 
feed-coal sulphur analysis increased. 

The data on the Greene County coal 
covers two mining conditions, which are 
indicated as B and C. The B data are from 
a period when a gradual change was being 
made from hand loading with selective 
mining to more than half of the coal being 
loaded by machines. Both ash and sulphur 
analysis of the clean coal increased slightly 
as the feed-coal analysis of each increased, 
although the percentage reduction in these 
analyses also increased at the same time. 

A comparison of the C data, where over 
80 per cent of production was machine- 
loaded, with the B data shows that the 
ash analyses and reduction in ash of the 
former fall on extensions of the curves for 
the latter. The sulphur curves show that 
the C data do not fall on the B-data curve, 
and the machine-loaded coal represented 
by the C data shows a definitely lower 
sulphur reduction. These conditions of 
increased ash and sulphur have been 
accounted for by an increase in the ash 
and sulphur content of the feed float coal; 
they are caused by loading of a greater 
proportion of top coal, and particularly of 
bottom coal, as the mechanically loaded 
tonnage increased. The organic sulphur of 
these coals is higher than the rest of the 
seam, and this form of sulphur cannot be 
removed by any of the known cleaning 
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processes. Changes in analysis of the breast 


coal of the seam also occurred because of — 


changes in locations being mined. This 
latter cause probably had a greater effect 
upon sulphur than upon the ash. 


REDUCTION IN CONTENT OF VARIOUS 
ForMsS OF SULPHUR EFFECTED 
BY WASHING 


In Table 24 are given data covering the 
reduction in the amount of pyritic, sulphate 
and organic sulphur obtained by wet 
cleaning plants treating coals from the 
Panhandle, Thin-Vein Yough, Thick-Vein 
Yough and Greene County districts. These 
data show that only the pyritic and sul- 
phate sulphur is reduced by washing and, 
as might be expected, the organic sulphur 
analysis tends to be increased. 

The results shown in Tables 21 to 24, 
inclusive, and Fig. 7 must not be taken 
as the only results that can be attained 
with these plants, for the specific gravity 
at which separation of refuse can be made 
is subject to a reasonable degree of control. 
However, these results may be considered 
as representing the economic separations 
under the conditions in force at the time 
and with the plant in use. 


REDUCTION IN PHOSPHORUS CONTENT 
OBTAINED BY MECHANICAL CLEANING 


The effect of mechanical cleaning on 
phosphorus analysis is indicated by the 
following examples, which are rather frag- 
mentary because information is not readily 
available on this subject. 

The following data on a run-of-mine coal 
from a mine in the Thick-Vein group, which 
was cleaned by hand-picking the lump, 
wet-cleaning the 314 to 3-in. size and 
dry-cleaning the 3¢-in. to o size, confirms 
the information given earlier on the 
distribution of phosphorus in the various 
benches of the Pittsburgh seam; i.e., that 
the coarser sizes, coming largely from the 
upper portion of the seam, will carry the 
higher phosphorus content. The analyses 
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CLEAN COAL SizEs 
+4-in. lump 

4 to 2-in. round 

2 to 1)4-in. 

1 to 3-in. 

3-in. to o 

Rete bled mine-run 
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of the various sizes of clean coal produced 
by this method of cleaning were: 


PHOSPHORUS, 
PER CENT 


oO. 


O21 


008 


-OIT 
-OIL 


In this case no phosphorus analyses were 
made of the raw coal. 
At a Greene County property, phos- 


_ phorus analyses on raw coal and clean 


coal are available on daily samples for a 
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half way between the reductions in ash 
analysis and in sulphur analysis shown 
by the same plant. 


UNIFORMITY OF MECHANICALLY 
CLEANED COAL 


In addition to improving the average 
qualities of a coal by removing impurities, 
mechanical cleaning materially improves 
its uniformity; i.e., reduces its variability. 
Much has been published!®!® on the 
uniformity in ash and sulphur analysis of 
mechanically cleaned Pittsburgh-seam coal. 
It has been stated!® that: “‘The uniformity 
(of the cleaned coal as to ash content) is 


TABLE 24.—Reduction in Content of Various Forms of Sulphur Effected by Wet-cleaning 


Plants Treating Pittsburgh-seam Coal 


— 


ulphur, Dry, Per Cent 
Reduction of Sulphur 
Analysis, Per Cent 
Feed Coal Clean Coal 
Size of Coal District 
it e+ re) oe fe) re) 
ritic T- ritic r= ritic + T= 
Sul Sul- | ganic Total |" Sut. ganic Total 
ee: phate 
(SiN oKON 6 wee a hodtos Panhandle Tig 2.0 8.0 
2S VO} Ong sdareadee Thin-Vein Yough 0.39 —2.7 9.8 
=IN. £0 O./oe. scene's Thick-Vein Yough | 0.40 —9.3 9.3 
A-in. tO 0. ......0... Greene County 0.67 0.0 | 18.8 
Saas eiciateie Greene County oO. 0.0 | 24.2 


2 These results are from one mine only in each district. They are indicative only and do not necessarily 
represent an average picture for the district. 


period of 220 days. The run-of-mine coal 
was crushed through a 4-in. round screen 


% after passing through a large blending bin, 


and all sizes were wet-washed: 


Phosphorus, 
Per Cent 
Greene County, 4-in. to 0 Coal 
220 Daily Analyses 
Raw | Washed 
Coal Coal 
m 
~ Maximum analysis............- 0.0170 | 0.0140 
Minimum analysis............. 0.0120 | 0.0090 
-Range in analysis.............. 0.0050 | 0.0050 — 
Average analysis............... 0.0150 | 0.0114 
Reduction in analysis of raw coal 
to clean coal as percentage of 
raw coal analysis........... aa 24.0 


The percentage reduction in phosphorus 


analysis shown by these data lies about 


materially increased, ie., the variability is 
decreased to a value one half to less than 
one-sixth that of the raw (feed) coal; . . . ” 
This statement was based on the records 


_of plants treating Pittsburgh-seam coal. 


In the same paper data are given for 
Pittsburgh-seam coal, showing that the 
variability as to sulphur content of the 
cleaned coal was nearly one half that of 


_the feed coal. 


BENEFITS OF WASHING PITTSBURGH-SEAM 
Cokinc COALS 


The economic benefits in the manu- 
facture of pig iron resulting from the 
washing of Pittsburgh-seam coking coals 
have been ably presented in the classic 
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paper by C. D. King.’ He gives ‘the 
comparison between coke made from. un- 
washed and washed coal from the same 


TABLE 25.—Amount and Variation of Ash 
and Sulphur in Coke Made from 
Unwashed and Washed Pittsburgh- 
seam Coal, Connellsville District® 


PER CENT 
arla- 
tion for Furnace Coke Produced from 
Any 3 
Single 
Day Unwashed Coal Washed Coal 
Based 
on 
Periodic 
Daily 
Tests 
Serr 
eee i-| Mi Maxi- | Mini- 
hour sees Mant: Range] mum | mum | Range 
Samples 
for 
Four- 
months 
Period 
Ash.. 14.05| 11.08] 2.97 | 11.04] 10.08] 0.96 
Sulphur| 1.08] 0.82] 0.26 0.97] 0.80] 0.17 
Variation Based on Daily Un- 

Average Analysis for Every washed | Washed 
Day of the Four-months Period Coal Coal 
Ayerage BSD. cu ciaus e'sie sere nia fa 9 |SaD ie, 10.36 

Average day to day variation in 
ROS Aer ace aur eee 0.40 0.14 
Variations exceeding 0.30 per cent : 
ISIN Sa ata ctatyer a dita SIE RC k Sac in| al 50.00 9.50 
Variations exceeding 0.50 per cent 
Er titre Tete ecu EN ae 31.50 0,00 
Variations exceeding 1.00 per cent 
Baie eeutamian crater ste otal Maun aac ore 6.70 0.00 


mines in the Connellsville district as are 
shown on Table 25, and says: 


The four months test performed at the 
Clairton by-product plant to determine the 


effect of washing coking coals indicated that a ‘ 


marked improvement can be expected in ash, 
sulphur, physical properties and uniformity 
-of the coke so produced. 


In summarizing the results obtained in 
the blast furnaces with the cokes made 
from unwashed and washed coals, he says: 


The following advantages were obtained by 
the use of such (washed coal) coke. 

1. Daily iron production was increased 63.3 
tons, or equivalent to 8.1 per cent. 

2. Net furnace coke consumption was 
decreased 149 lb., or equal to 7.8 per cent. 
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3. Flux consumption was decreased 198 Ib., — 
or equal to 19.9 per cent, and slag volume was — 


reduced 15.2 per cent. : 
4. A pronounced improvement was obtained 


in the regularity of pig-iron analysis. 


In addition, an item of considerable impor- 
tance is the fact that the increased yield of 
furnace coke of 3.0 per cent at the Clairton 
coke plant, combined with the subsequent 
reduction in coke requirements per ton of iron, 
means less mined coal is required per ton of iron 
under such conditions than when using coke 
from unwashed coals. In the former case, 


_ 1.375 net tons of mined coal were required © 


and in the latter 1.501, or a difference equal — 


to 8.4 per cent less mined coal needed when 
using washed coals. 


SUMMARY AND CONCLUSIONS 


The Pittsburgh seam of coal in Penn- 
sylvania is of great importance to the 
economy of the United States, as it has 


in recent years contributed 12 to 15 per — 


cent of the total bituminous tonnage and, 


of greater note. from 32 to 41 per cent 


of the tonnage of coal made into coke. 

River transportation, because of low 
cost, is a dominant factor in the use of 
Pittsburgh-seam coal for cokemaking and 
in the steel industry, and more than 
35 per cent of the 1941 production was 
loaded on the Monongahela River. 

The reserves of the Pittsburgh seam in 
Pennsylvania of high-grade and established 
coking quality are being rapidly depleted. 
The more rigid specifications to be met 
in the manufacture of steels require more 
uniform raw materials for satisfactory 


costs, while mine mechanization tends to — 


cause a lowering in the quality of coal, and, 
therefore, of coke. 

Because of a variety of economic factors, 
no exact and complete specifications for 
coking coals have been accepted. Using 
sulphur content as an example, in the 
recent past 1.20 per cent has been the 


limit for Pittsburgh-seam coking coals, but. 


today it is not rigidly applied. With coal 
having access to river transportation, about 
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1.50 per cent sulphur might be econom- 
ically equivalent to 1.20 per cent sulphur 
for coal requiring rail transport. 

Recoverable Pittsburgh-seam coal re- 
maining in Pennsylvania as of Jan. 1, 1937, 
is estimated as follows: 

1. Total, 6,500,000,000 tons, or about 
roo years life at the recent production 
rate. Greene and Washington Counties, 

which are not fully developed, contain 
nearly go per cent of the reserves. 

2. Coal tributary to river loading, 1 ,600,- 
000,000 tons, or about 25 per cent of the 

_ total reserves. 

3. Coal analyzing 1.50 per cent sulphur 
or less, 1,656,000,0c00 tons, or about 
55 years production for cokemaking at the 
recent annual rate of 30,000,000 tons. If 
_ coking coal is limited to coal analyzing 

1.20 per cent sulphur or less, the tonnage 
probably shrinks to about 600,000,000 
tons, or only about 20 years life. 

These statements are based on the 
assumption that the large reserves in 
Greene and southern Washington Counties, 
which are shown as not fully developed, 
will yield coal analyzing 1.50 per cent 
sulphur in amounts that will have little 

effect on the over-all life of these reserves. 
Such information as is available sub- 
stantiates such an assumption. 

The analytical and physical char- 
acteristics of the Pittsburgh seam in 
Pennsylvania have been summarized and 

- discussed under five general groups: Pan- 
handle, Thin-Vein Youghiogheny, Thick- 
Vein Youghiogheny, Connellsville, and 
Greene County (also southern Washington 

_ County). Maps have been prepared show- 
ing the locations of fairly well-defined 

areas of coals of several sulphur contents— 

_ 1.20 per cent or less, 1.21 to 1.50 per cent, 

1.51 to 1.80 per cent, and over 1.80 per 
cent—and their relation to these various 

_ groups. 

Sulphur occurs in the organic, sulphate, 
_and pyritic forms. The forms are shown to 
_ vary both within the seam by benches, by 


areas within a mining property, and by 
specific-gravity fractions. In the various 
benches organic sulphur is highest in the 
top and bottom coals and lowest in the 
top and bottom breasts or middle benches; 
it is low in the lighter gravity fractions 
and the least in the high-gravity fractions 
(over 2.0 sp. gr.). Pyritic sulphur is also 
the highest in the top and bottom coals 
and in respect to specific gravity it is 
the highest in the heavy-gravity fractions. 
The approximate range in the percentage 
of the various sulphur forms is indi- 
cated for each group. Organic sulphur 
is highest in the Panhandle and Greene 
County groups. Sulphate sulphur is: low, 
usually amounting to 1 or 2 per cent of 
the total sulphur. 

This study of the benches of the Pitts- 
burgh seam in the various groups shows 
that selective mining can improve the 
quality of the production, mainly by leav- 
ing bottom and top coal unmined, Such 
methods applicable with hand loading 
cannot always be used with mechanical 
loading with mobile loading machines. 
Thus, and because of concentrated produc- 
tion with mechanical loading, its output 
often carries a higher and more irregular 
content of impurities, and usually requires 
mechanical cleaning for the production of 
marketable coal. In many cases, to obtain 
a satisfactory uniformity in analysis, 
particularly as to sulphur, additional 
practices must be employed, such as 
controlled output from areas of differing 
levels of quality with the dumping of mine 
cars controlled to blend these differing 
coals, blending or mixing bins and layer 
loading of output in railroad cars or 
barges. 

Mechanical cleaning has been extensively 


used to clean coal from all groups, either 


hand or machine loaded, to standards of 
purity and uniformity as to ash content to 
satisfy all general market requirements, 
and especially the severe demands of the 
metallurgical coke industry. The beneficia- 
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tion as to sulphur content is usually not 
so great and varies quite widely, depend- 
ent upon the qualities of the feed coal. 
Reductions in ash content of 20 to over 
50 per cent of the feed-coal value are 
obtained, while with sulphur content the 
reductions range from 8 to 25 per cent. The 
removal of sulphur by mechanical cleaning 
is confined primarily to the pyritic form 
and the amount removable depends on the 
particle size of the pyrites, much being 
microscopically disseminated through the 
coal substance and thus not removable. 
Some coals have allowed a removal of 
40 to 50 per cent of the pyritic sulphur by 
mechanical cleaning. 

Mechanical cleaning adds a very con- 
siderable degree of uniformity to the ash 
and sulphur analyses of the coal. 

The experience of one large steel com- 
pany has been that only 1.375 net tons of 
raw coal, when washed, produces the coke 
necessary for one ton of pig iron, while 
1.501 net tons of the same coal, when coked 
unwashed, is required for the same pig-iron 
production. This is equivalent to extending 
the life of their reserves 9.6 per cent. 

The maximum economical reduction in 
ash and sulphur content and uniformity 
in these values will be obtained only.by a 
coordination of the mining practices and 
the mechanical cleaning program. 

It appears safe to predict that with 
proper coordination of mining practices 
and present mechanical cleaning processes, 
part of the large reserves in Greene County 
of higher sulphur content may be made 
available for the manufacture of metal- 
lurgical coke as follows: 

_ Raw coals of 1.50 per cent sulphur or 
less can be reduced to about 1.20 per cent 
sulphur or less. 

Raw coals of 1.51 to 1.80 per cent sulphur 
can be reduced to about 1.21 to 1.50 per 
cent sulphur. 

Raw coals above 1.80 per cent sulphur 
can be reduced by about 20 per cent of their 
sulphur analysis. 
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These predictions can also be applied © 


to the reserves in the southeastern quarter 
of Washington County. 
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DISCUSSION 


(H. F. Hebley presiding) 


C. D. Kine,* Pittsburgh, Pa.—This paper 
is so complete in all respects that there is little 
that I can add. It constitutes an important 
reference and valuable contribution to our 
knowledge on the subject. I believe that we all 
feel that the better coals of the Pittsburgh 
district are tending to be a thing of the past. 
We are faced with poor coal, high in sulphur 
and high in ash. Mechanized mining, which is 
axiomatic under large-scale operations and 
present-day conditions, involves an increase in 
_ impurities. As I see the problem, there are two 
- choices, and only two. We can accept the poorer 
coal and pay for it in lower blast-furnace pro- 
duction and higher operating cost, which essen- 
tially means a greater investment to produce 
equal amounts of pig iron; or we can try mixing, 
blending and beneficiating the coals, in order 
to obtain normal or greater production from 
blast furnaces. The second alternative also 
involves additional costs and investments. The 
experience indicates that it is the preferable 
course of action. 


W. T. Brown,f Pittsburgh, Pa.—The city 
of Pittsburgh is known throughout the world 
as the “Steel City,’’ but everyone in the steel 
industry knows that the only reason that 
Pittsburgh is a steel center is that low-cost, 
river-borne coal is available for the production 
of blast-furnace coke. Take cheap coal away 
from the steel industry in Pittsburgh and it 
could not compete with the plants on the Lakes. 

The reserves of low-sulphur coals in the 
_ Pittsburgh district are being exhausted rapidly, 
as the authors point out. If the steel industry 
has to use coals containing 1.90 to 3.00 per cent 
sulphur in making blast-furnace coke, the 
_ production of the blast furnaces will be con- 
siderably reduced, particularly when the silica 
content of the iron ore becomes high—about 
ro years hence. The desulphurization of pig 
iron is not practical with the low sulphur speci- 
fications for pig iron and steel. If the sulphur 


* Chairman Coke Committee, U. S. Steel 
Corporation. é 
+ Consulting Coal and Coke Engineer. 
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is reduced in the open-hearth furnaces, the 
capacity of each furnace will be reduced. 

The place to reduce the sulphur is in the coal— 
any other method will increase the cost of steel 
and decrease production. 

The maps and tables shown by Davis and 
Griffen show clearly the rapid depletion of the 
low-sulphur coal reserves and the large reserves 
of high-sulphur coals in the Panhandle and 
Greene County groups. The paper also shows 
the concentration of high sulphur in the top 
and bottom sections of the Pittsburgh bed, 
even in the low-sulphur sections of the seam. 

The year of 1943 showed a decided trend to 
mechanical loading of bituminous coal and the 
construction and enlargement of many coal- 
cleaning plants to offset the increase in ash and 
sulphur due to mechanical loading. 

The bituminous coal industry set a new all- 
time production record in 1943, by producing 
approximately 589,000,000 tons of coal (includ- 
ing approximately three million tons of lignite), 
in spite of strikes, work stoppages, labor 
troubles, absenteeism and the loss of nearly 
60,000 experienced miners to the armed forces 
and defense plants. 

The coal industry faces an immense task in 
trying to meet the nation’s requirements of 
625,000,000 tons of bituminous coal, which is 
the goal set for 1944. It will be necessary to 
install more and more mechanical loading 
equipment to take the place of manpower 
if the industry is going to meet its requirements. 

Mechanical loading of coal increases the ash 
content at least 2 per cent, and even more at 
some mines, because there can be little or no 
preparation of the coal at the face when 
mechanical loaders are used. The sulphur con- 
tent will also be increased at many mines by 
loading of the top and bottom sections of the 
coal bed, which often are high in sulphur. 
Formerly the experienced coal miner could 
hand-load clean, low-ash and sulphur coals, 
by means of proper preparation at the face. 

The manpower shortage makes mechanical 
loading of coal a necessity; mechanical loading 
increases the ash and sulphur content; there- - 
fore coal cleaning is a necessity. 

Therefore, the by-product coke industry 
must realize that the ash and sulphur content 
will be increased even in sections of the Pitts- 
burgh seam that have in the past produced low- 
sulphur and low-ash coal. 
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The coal operator asks: “‘ Just what kind of 
coal does the coke-oven operator want, and why 
does he require such high-quality coal?”’ The 
coke-oven operator’s requirements vary with 
the design of his coke ovens, temperature of 
carbonization and the various coals used in the 
mix charged to the coke ovens. In general he 
requires: 

1. Uniformity. 

2. Low ash; 6.5 per cent (coke produced from 
6.5 per cent ash coal will contain from 8.8 
to 9.2 per cent ash). (Coal ash X 1.35 to 
1.40 = coke ash.) 

3. Low sulphur; under 1.0 per bent (But 
he can use coal with sulphur content up to 
1.30 per cent, provided it is uniform. The 
sulphur content of the coke will be 80 to 85 
per cent of the sulphur in the coal.) 

4. Carbonization properties should be good, 
in order to produce uniform, blocky coke of 
good structure. 

5. Expansion properties of the coal, when 
mixed with other coals charged to the coke 
ovens, should be neutral or slightly contracting, 
in order to prevent damage to the brick side 
walls of the coke ovens. 

6. High-ash-fusion coal is of no advantage 
when used to produce blast-furnace coke but 
is desirable for domestic coke. 

In the manufacture of blast-furnace coke 
in by-product coke ovens, it is necessary to use 
low-ash and low-sulphur coking coals, in order 
to produce coke that will increase iron and 
steel production. High-ash coke reduces iron 
production 5 per cent for each one per cent 
increase in ash content—over 9 per cent—and 
requires more coke per ton of iron. 

High-sulphur coke requires more limestone, 
and more limestone means more coke and less 
iron-ore burden, which decreases amount of 
iron produced and requires more coke per ton 
of iron produced. 

Coal cleaning will improve coking coals by 
uniformly reducing the ash and sulphur con- 
tent, which in turn will improve blast-furnace 
coke and increase iron and steel production. 
Also less coking coal will be required to produce 
a ton of pig iron if the blast-furnace coke is 
improved by making it uniform in size and 
structure and uniformly low in ash and sulphur. 

There is much low-sulphur coal wasted in 
the mine and an increase in sulphur in coals 
mined in the Pittsburgh bed, by cutting a 
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certain distance from the top or bottom in 
selective mining to improve the sulphur con- 


tent. The writer has discovered a method for 
detecting lenses and bands of pyritic sulphur 
in coal seams and lumps of coal that will pre- 
vent the waste of good coal and show the cutter 
exactly where to cut in any part of the seam. 
If the whole seam is mined, these high-sulphur 


~~ 


lumps may be picked out on the picking table — 


by this new method. 

Davis and Griffen have shown that the ash 
in the high-sulphur coals in the Panhandle and 
Greene County groups may be reduced but 


that the high pyritic sulphur cannot be satis- — 
factorily decreased by the present methods of © 
coal cleaning. The writer has applied for a © 
patent on a new process that will reduce the © 
sulphur content of high-sulphur coals to pro- 


duce a by-product quality coal. This new 
process is based on sound engineering principles 
and will be ready shortly for the coal industry. 

The authors say that coal from the 
Pittsburgh seam in Pennsylvania will ‘‘make 
coke usable in the blast furnace. There may be 
variations in the yield of coke and in its physi- 
cal properties which affect its value in the blast 
furnace, but these are usually of relatively 
minor importance.” The coal in the Pittsburgh 
seam, whether in Pennsylvania, West Virginia 
or Maryland, varies, as does coal from any 
other seam, according to the geological pressure 
to which the coal has been subjected. Coal in 
the Pittsburgh district varies from 7.0 to 30.0 
per cent contraction in the expansion tester, 
and further east, the greater the geological 
pressure and of course the lower the volatile 
and the greater the expansion. Therefore, 
coal that has an expansion of as much as 16.0 
per cent is found in Maryland near the Alle- 
gheny escarpment. Much of the strip coal from 
the Pittsburgh seam makes poor coke and 
sometimes comes out of the coke oven like 
sand and gravel. 


H. N. EAvenson,* Pittsburgh, Pa.—The 
data contained in this paper show how difficult 
it is to reduce the sulphur in Pittsburgh-seam 
coal, and the reasons why this is so. The 
amount of sulphur in coal to be coked that will 
be accepted at the ovens has increased greatly 
in recent years, and while some of this is due 
to war conditions, most coke producers are 


* Eavenson, Alford and Auchmuty. 
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reconciled to the fact that coal below 1.0 per 

cent sulphur has gone forever, and that if the 

sulphur content can be held to 1.25 per cent in 

the raw coal, they will be fortunate. One coke 

_ plant, at least, is willing to accept coal 1.35 
per cent or less, and one captive producer ships 
coal as high as 1.5 per cent, although the ore 
conditions make this high sulphur content 
possible. 

It is definitely certain that in the future coals 
higher in sulphur must be used in cokemaking 
and cost considerations require the use of 
Pittsburgh-seam coal. Much study must be 
given to the necessity of keeping the amount 
of sulphur as low as possible and to all possible 
means of effecting this, and of course some 
sulphur must be removed after iron has been 
made. It is entirely probable that at some time 

_in the near future the river transportation 
available will enable the regular use of 
some percentage of the Southern coals, which 

are very low in sulphur and ash, to blend with 

Pittsburgh-seam coal and to keep the ash and 

sulphur contents of the blend within more 
usable limits. 

The effects of uniformity of product pro- 
duced by washing are very well shown, and 
for coke show that the added cost. is well worth 
it. It has been definitely established in practice 
that steam producers in the Pittsburgh district 
are not willing to pay more for washed than for 
raw Pittsburgh coal, and do not think the 
reduction in ash or the uniformity of product 
of any money value to them. From an economic 
viewpoint, it is unfortunate that a market 
cannot be created for a middlings product, 
which would allow better coal to be furnished 
for coke. 

The maps and charts are extremely well 
made and present datla not available to the 
public heretofore, and to only a few companies, 
and which is very valuable for reference pur- 
poses. The paper is a classic. 


A. R. Powett,* Pittsburgh, Pa.—This 
excellent and comprehensive description of the 
Pittsburgh seam in Pennsylvania is particularly 

- timely because of the rather radical changes in 
the nature of the reserves that are just now 
making themselves evident to a most unwel- 
- come degree. 


* Research Department, Koppers Company. 


To sum up the whole matter, large reserves 
of this important coking coal still remain, but 
unfortunately these reserves are mostly at a 
distance from water transportation facilities 
and/or are high in sulphur content. I do not 
wish to touch on the transportation angle of 
the problem, but I shall think out loud for two 
or three minutes on the subject of sulphur, 
since this has been rather close to me for the 
last 30 years. 

Whereas Nature has been kind to us in not 
mixing mineral matter so thoroughly with the 
pure coal substance but that most of it may be 
chopped off the coal by proper mining methods 
and coal beneficiation, she has not been so 
thoughtful in connection with sulphur. As the 
authors have shown, more than half of the sul- 
phur, on the average, is chemically combined 
as organic sulphur with the coal substance 
itself, and still more is present as pyrites so 
finely disseminated throughout the coal sub- 
stance that it might just as well be regarded 
as an intrinsic part of the pure coal as far as 
any possible separation is concerned. In other 
words, sulphur, for the most part, is like a dread 
disease that has penetrated to all of the tissues 
of the body and may be destroyed only by the 
complete destruction of the victim. - 

Since only the coarse particles of pyrites 
may be removed, and since these account for 
only a minor part of the sulphur in Pittsburgh- 
seam coal, sulphur reduction averages only 
about 20 per cent, even by the most modern 
washing methods. Fortunately, however, most 
of the up and down variations in sulphur con- ° 
tent are due to coarse pyrites, so that washing 
has the effect of cutting off peaks and thereby 
reducing variability. This should serve to 
temper somewhat our disappointment over 
low sulphur removal, since a more uniform 
sulphur content in metallurgical coke, like 
uniform ash content, is of major importance in 
securing good results in the blast furnace. 

When considering the sulphur problem, a 
very important fact to keep in mind is that 
only about 2 per cent of the sulphur in the raw 
coal finally appears in the pig iron. In other 
words, 98 per cent of the sulphur is eliminated 
along the way—say 20 per cent by coal wash- 
ing, 40 per cent of the remainder during car- 
bonization of the coal, and the residue, except 
for the 2 per cent that appears in the pig iron, 
passes out of the blast furnace in the slag. 
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It would appear, in view of the growing sul- 
phur problem in the Pittsburgh seam, that the 
time is ripe for comparative economic studies 
of various expedients to meet the situation. 
In the past the method used for acceptable 
sulphur practice in the blast furnace has been 
simple—merely confine production of metal- 
lurgical coal to the low-sulphur districts of the 
Pittsburgh seam. What other expedients must 
now be used to supplement the narrowing 
choice of coal reserves? 

Selective mining, blending at the mines, and 
coal washing? Yes, most decidedly, for ash 
reduction and uniformity of quality, if for no 
other reason. Despite such measures the sul- 
phur content of the coal still remains relatively 
high, however. 

Methods have been proposed, and have been 
demonstrated on an experimental scale, which 
increase above the normal amount the elimina- 
tion of sulphur during the coking process, or 
which remove sulphur from the finished coke. 
None of these methods are simple or cheap, and 
all involve some complications. Is the reduc- 
tion of sulphur in the coke worth this expense 
and trouble? Or should the increased sulphur 
be allowed to enter the blast furnace and be 
handled there by some modifications in slag 
volume and composition? Or should the in- 
creased sulphur be allowed to enter the pig 
iron, and be followed by desulphurization in 
the ladle? 

In other words, many expedients are avail- 
able for removing sulphur all the way along the 
line from the raw coal in the mine up to the 
finished pig iron. All of these cost money and 
entail some inconvenience. Comparative eco- 
nomic studies of all of these methods are now 
very much in order. This would be an excellent 
topic for some future A.I.M.E. paper. 


L. E. Youne,* Pittsburgh, Pa.—The authors 
are to be congratulated on this splendid and 
timely paper. It is to be hoped that similar 
surveys will be made on the coals from other 
fields. 

Permit me to direct attention first to a paper 
entitled ‘Control of Sulphur and Ash in Mine- 


run Metallurgical Coal,” published as Bureau 


of Mines Report of Investigations No. 372. 
Another valuable contribution on underground 
preparation is chapter 7 of the volume on Coal 


* Consulting Engineer. 
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Preparation,* which was the work of John D. 
Cooner and M. H. Forester. 

The question is: “‘How can we improve the 
quality of the coal mined in southwestern 
Pennsylvania for the steel industry by special 


methods of cutting, drilling, shooting, and — 


mechanical loading?” The salient points appear 
to be: (1) selective mining and (2) avoidance 
of excessive degradation. 

Reference is made to cutting practice in 


both the Bureau of Mines investigation and the 


chapter in Coal Preparation. Normally, in 


bituminous coal mining, a single cut is made, ~ 


either at the top or bottom, and the paper 
indicates that in a large part of this field top- 


ae 


cutting has been followed generally for the — 


purpose of leaving up some of the high-sulphur 
top coal. When this coal is left in place, it 
serves, of course, as support for the drawslate. 
Where height is not adequate, this practice 
cannot be followed. There also are problems 
in regard to the sulphur in the bottom coal and 
in parts of the field sulphur in the bottom coal 


is a much more serious problem than sulphur 


in the top part of the seam. Usually several 
inches of bottom coal are left, whether the 
coal is top-cut or bottom-cut. 

In the book on Coal Preparation, reference 
is made to the use of the cutting machine with 
a double cutter bar. To the best of my knowl- 
edge, the double cutter bar is not used in 
southwestern Pennsylvania at this time, 
although it is used extensively in central 
Pennsylvania. This type of machine has a 
built-in conveyor, which permits the cuttings 
to be loaded directly into a mine car as the 
cutting proceeds, or which makes it possible 
to throw the cuttings into the gob. By the use 
of this machine, a portion of the seam can 
be disposed of separately, or sometimes a 
superior grade of coal can be cut out and loaded 
separately. 

In the Birmingham field, shelf mining is 


being practiced at the present time. By the use a 


of a special] loading machine the top part of the 
seam is loaded separately. After the upper part 
has been loaded, the lower bench is shot and 
the same loading machine loads the remaining 
coal. In some districts, the bottom bench of 
coal is mined in advance of the top bench, the 
latter being shot down after several cuts of the 


* Seeley W. Mudd Series, A.I.M.E., 1943. 
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bottom bench have been removed. Various 
schemes may be suggested to mine benches 
separately, but most of these methods add 
substantially to the cost of mining and most 
of them are difficult of application when com- 
plete recovery of pillars is an objective. 

The problem of shearing and the proportion 


‘of fines in the cutting are subjects that have 


received a great deal of attention. In the matter 
of both wet and dry cleaning of coal, the reduc- 
tion of the amount of extremely fine coal in the 
cuttings is of prime importance. Many studies 
have been made of cutting bits, the lacing of 
cutting chains, thickness of kerf, etc. The 
British probably have gone further than we 


- have in developing mechanical devices for 


removing the cuttings from the kerf. A so- 
called ‘‘gumming”’ machine has been in use in 
Britain for some time and one American manu- 
facturer has developed a ‘“bug-dusting” 
machine which removes the cuttings promptly, 
so that they are not drawn back into the kerf 
and pulverized. 

Engineers interested in the washing of coal 
and in the manufacture of coke are particularly 
concerned over the increase in fines incident 
to mechanical loading. It seems timely, there- 


‘fore, that the mining men should review the 


entire subject of face preparation in mechanical 
loading with the hope that we may produce 
coarser coal, not necessarily lump coal, thus 
reducing the extremely fine material that 
becomes a burden in the washing and drying 


plants. 


S. M. Cassipy,* Isabella, Pa.—Messrs. Davis 


and Griffen are to be congratulated upon the 


thoroughness with which they have covered 


their subject, particularly the cleaning data 
and the factors that influence proper washing 
to obtain both uniformity and quality in coals 
for blast-furnace coke. 

While selective mining—both as to con- 


trolling the rate of mining from given high- 


sulphur and low-sulphur areas, and as to mining 
only selected benches in a seam, or as to gob- 


_ bing or loading out separately certain partings 


or inferior coal—has been and is, being done 


quite extensively to benefit the coal quality, 
‘its general use is open to serious question. 


There are coal seams and conditions where 


selective mining may be justified in particular 


* Manager, Weirton Coal Company. 
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cases, but this is less true of the Pittsburgh 
seam, where loading mechanically en masge has 
so many cost and practical advantages as to 
warrant the installation of proper facilities in 
the cleaning plant to really make it possible 
to handle the large amount of mine rock, 
partings, inferior coal and coal of intermediate 
grade, yet give the required uniformity and 
analysis in the coking coal. 

It has too often been the practice to build 
cleaning plants for handling a fairly clean 
product from the mine, this being largely 
based on conceptions held over from hand 
loading, without realizing that to continue the 
practices into mechanized mining placed a 
terrific handicap on the new method. 

By far the greatest cost at any mine is at the 
working face, consequently any practice that 
will simplify operations, lower cost, or permit 
the loading of a higher tonnage at this point 
can usually be shown to benefit the mine cost 
as a whole, despite the fact that the preparation 
plant and refuse-disposal facilities will require 
a larger investment and will have a higher cost 
per ton for their individual items. 

It stands to reason, and can be proved in 
most cases, that it is far better and less costly 
to handle the mass of mixed coal-seam mate- 
rial in an outside plant, where adequate facili- 
ties can be provided, than to selectively mine, 
cut, gob, hold up or leave down the coal and 
impure layers at a multitude of scattered work- 
ing places by a number of more or less portable 
machines operated by many men. The improve- 
ment in mine, safety and working conditions 
from taking the entire seam is usually appreci- 
able, but the advantages of this are often not 
given their proper consideration. 

Quality and uniformity of clean coal can be 
and are now being realized at certain mines 
where selective mining has been deliberately 
discarded. At these mines the tail does not wag 
the dog—mining is done to give best mining 
results and all following operations to and 
through the preparation plant are designed for 
and subordinate to the mining requirements. 
There are other mines where entire-seam mining 
is being gradually approached, not from choice: 
originally but from force of circumstances and 
a gradual realization of advantages. 

Mining from selected areas at such rates as 
to attempt control of quality has been practiced 
in many places, but this is too often overdone. 
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Selective area mining, in the past usually 
to defer installation of blending bins and clean- 
ing plants, is now proving very much to the 
detriment of certain operating mines and their 
cost per ton. 

Elaborate layouts at the dumping and hoist- 
ing points, to permit shuttling and rearrange- 
ment of cars from various sections to blend 
high-sulphur and low-sulphur coal, are usually 
unnecessary, as the same results, or better, can 
be obtained by proper blending bins. Such 
arrangements are higher in both investment 
and operating cost nearly always than the use 
of blending bins. It can also be shown that 
blending at too many points tends to unblend 
in certain cases or at certain intervals. 

Quality and uniformity of coke for blast 
furnaces is highly important, but this should be 
obtained in the best and most economical 
manner. If this can be furnished by really 
properly designed preparation plants, then all 
the agony and high cost of selective area min- 
ing, selective bench mining and elaborate but 
costly bottom layouts, are certainly unjustified, 
as has been proved by actual practice at a 
number of mines. 


R. D. Hatt,* New York, N. Y.—One com- 
pany made it a practice to consign to the rail- 
roads the coal prepared by the washer in the 
morning and to send to metallurgical furnaces 
that prepared in the afternoon, thereby getting 
a better metallurgical coal because in the 
morning the washer received the undercuttings 
as well as some of the coal blasted from the 
Pittsburgh seam, and in the afternoon the 
product was all of the latter type, this being 
cleaner than the coal from the kerf. 


H. Zretter,t Greensburg, Pa.—We agree 
with both the conclusions and estimates in the 
paper by Davis and Griffen. 

We have been interested very much in the 
question of utilizing the Pittsburgh-seam coal 
in the undeveloped reserves in the western 
part of the state, and the greatest difficulty 
that we can see is the high percentage of 
organic sulphur, together with the very fine 
distribution of the pyritic sulphur. In order 
to get any sort of a sulphur reduction by 
cleaning because of this fine dissemination of 


* Engineering Editor, Coal Age. 
+ Jamison Coal and Coke Company, 


‘industry in Europe and in England for many 


_ assemble as completely as possible all the data 


t 
pyrite, it is necessary to break down the coal 
in relatively small sizes in order to free such 
material. When this is done, it involves the 
washing of fine material, with associated 
troubles in regard to moisture and sludge 
recovery. To do the best possible work and 
utilize this coal in the best possible manner, 
we need the following: 

1. Improvement in our methods of screening 
fine material. 
2. Improvement in efficiency and economy — 
of equipment for washing small sizes. 
3. Effective methods of moisture removal 
without recourse to heat drying. | 
4. Improved methods of recovering and 
utilizing sludges. ; 
Even if this were possible of accomplish- 
ment, we would still be confronted with the 
use of coals higher in sulphur than those to 
which the coking industry has been accustomed. | 
The difficulty in screening to small sizes 
has been due to moisture in the natural slacks. — 
Possibly this would be overcome to a large ~ 
extent if the mine-run were crushed to say 
minus }4-in. and we could do fairly efficient — 
screening with present equipment. : 
If. objectives 2 and 3 were accomplished, — 
the screening might be improved by using 
wet screening ahead of the cleaning equip-_ 
ment. However, the discouraging part of the © 
picture is the recovery and utilization of the — 
sludges, which has been the great burden of the 


years. 


D. H. Davis and JonN GriFren (authors’ 
reply).—Our purpose was to attempt to 


available on the subject; we realize that the 
future will present for solution more problems 
than have been solved in the past. 

There seems to be general agreement that the 
acceptable sulphur limit for metallurgical coal 
will increase but that the economic advantage 
of low-sulphur coal in the manufacture of iron 
will bring to a greater usage some of the 
methods suggested for reducing the sulphur’ 
content in coal. A number of opinions were 
expressed in the discussion by men who have 
intimate knowledge of the effect of sulphur in 
coal on the operation of the blast furnace. Mr. 
King and Mr. Brown both advocate improve- 
ment of coal by all known means both under- 
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_ ground and in surface plants, as the cost of 


improvement of the coal does not nearly 
approach the higher costs of the blast furnace 
when operating with poorer quality coals. 

It has been suggested by Mr. Eavenson and 
Dr. Powell that some of the sulphur will be 
removed after the iron is made. Mr. Eavenson 
points out that it has been shown that the 


_ added cost of washing coal for metallurgical 


_ purposes is definitely worth it and in recent 


years many cleaning plants have been built 
for this purpose. 
Some persons responsible for the production 


_ and preparation of coal are often reluctant to 


undertake a program for thorough mechanical 
preparation and blending of coal. We believe 
that Dr. Powell’s suggestion that the time is 


_ ripe for comparative economic studies of vari- 


ous expedients to reduce sulphur would do 
much to bring about a better understanding of 
all concerned on this important subject. 

Mr. Zeller has clearly pointed out the prin- 
cipal difficulties encountered in coal prepara- 
tion when fine crushing is adopted in order 
that a greater proportion of the sulphur may 
be removed by coal-cleaning methods. He has 
also listed the improvements needed in coal- 
cleaning technique in order to make it possible 
for the finely disseminated pyrite to be re- 
moved. In the past it has been found more 
economical to wash Pittsburgh-seam coal 
without preliminary crushing below 4-in. 


round hole. In most cases fine crushing has 


resulted in no improvement of the analyses 
of the washed coal unless oil flotation was 
employed. As there is no beneficiation below 
‘roo-mesh with launder, jig, or table methods 
of cleaning fine coal, the production of addi- 
tional fines below 100-mesh will mitigate any 


improvement in the cleaning resulting from 
finer crushing, and for that reason it has not 


been the practice to crush under 4-in. in size. 
We are in agreement with Dr. Young that 
bench or shelf would not be economically 


_ practical or beneficial to quality in mining the 


_ Pittsburgh seam. We can only point out that 


, 


2 ake 


mechanical loading of the coal, so far, is pro- 
ducing a raw run-of-mine coal, which is more 
difficult and costly to clean to the same analysis 
than the run-of-mine formerly produced by 
hand loading. As our paper clearly shows, the 


bottom and top coals, which were largely 


unmined with hand loading, contain ash and 
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sulphur-bearing impurities so intimately asso- 
ciated with the coal that a product of equal 
analysis cannot be obtained from them by 
known mechanical cleaning methods. Further, 
these parts of the seam generally vitiate the 
quality of the mechanically cleaned coal ob- 
tained from the rest of the seam. Mechanical 
loading includes a large proportion of the top 
and bottom coal in the mine output that for- 
merly was not mined, and this is one of the 
principal causes for the increase in ash and 
sulphur in metallurgical coal. 

It is natural that there should be a diversity 
of opinion in respect to the extent that selec- 
tive mining should be practiced, and on the 
other hand to what extent the cleaning plant 
should attempt to reduce ash and sulphur. 
As the economic picture differs with each com- 
pany, and especially since the raw-coal analyses 
of individual mines and companies show wide 
variation, we could not expect that everyone 
would agree as to the exact methods by which 
improvement in coals for the blast furnace are 
to be achieved. 

Mr. ,Cassidy is of the opinion that selective 
mining is less justified in the Pittsburgh seam 
than in most seams and points out the advan- 
tages of mechanical loading en masse; that is, 
loading of coal and slate together in one loading 
operation. There is no doubt that this system 
has worked out very successfully, particularly 
in the various phases of mining. In regard 
to his statement to the effect that “quality 
and uniformity of clean coal can be and are 
now being realized at certain mines where 
selective mining has been discarded,” we might 
say that quality and uniformity are capable 
of being measured and compared with either 
previous data on a different system in the same 
mine or with data on other mines, and that 
such statements would be more enlightening 
if supported by comparative records. His state- 
ment regarding quality and uniformity at these 
mines where mechanical loading en masse is 
used could be amplified by stating that some 
of the cleaning plants produced a high-gravity 
product in addition to the metallurgical coal. 
The variations in quality are mostly in this 
high-gravity product, which automatically 
improves the quality of the metallurgical coal. 
This high-gravity product has replaced steam 
coal formerly purchased on the open market 
and thereby makes it an economical proposi- 
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tion. The authors have advocated the practice 
of making a high-gravity steam coal, and 
where this is possible it will prove most bene- 
ficial in improving the quality of coal for 
metallurgical purposes. However, without the 
production of a steam coal, it is doubtful 
whether the cleaned coal from en masse loading 
would be suitable for metallurgical purposes. 

We are thinking of a captive property where 
even the production of a metallurgical and 
steam coal by an efficient coal-cleaning plant 
would not meet the sulphur analyses being 
obtained in one of the mines referred to by Mr. 
Cassidy. Even if it were possible to reach the 
desired analyses in the metallurgical coal by the 
production of a secondary steam coal, the steel 
company can obtain its steam coal at a much 
cheaper delivered cost from another source. Even 
by selective mining and thorough cleaning of 
the coal, this mine cannot approach within 0.30 
per cent the sulphur content of the metallurgi- 
cal coal in one mine where en masse loading is 
practiced. Thus, we see that what may be 
right for one mine is not necessarily right for 
all mines in the district. 

In order to thoroughly mix high-sulphur 
and low-sulphur coal, Mr. Cassidy suggests 
that elaborate arrangements of dumping cars 
from various sections are unnecessary, as the 
same or better results can be obtained by 
proper blending bins. We might ask: what are 
the particular features of these ‘‘proper blend- 
ing bins” and what are the resultant uniform 
analyses? No doubt there is too much inter- 
ference with the underground operations if it 
is necessary to hold cars at the main bottom 
until another trip of the desired analyses 
arrives. With sections of wide variation in sul- 
phur content, it may be necessary to have a 
number of individual bins, each to contain coal 
of a certain range of sulphur. Blending of coal 
from the bins in proportion to the sulphur con- 
tent of each would result in a mixture of more 
uniform sulphur analysis. If the variations in 
sulphur were wide, this could also be an 
expensive operation. It would, however, permit 
the mine to concentrate on mining, with its 
many problems, without being handicapped 
by an expensive and complicated dumping 
schedule. 

Mr. Cassidy suggests that certain cleaning 
plants built to meet the requirements when 
mechanically loading the Pittsburgh seam en 
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masse have successfully met the problems and ~ 
are producing coal of acceptable quality and — 


uniformity. We are fairly familiar with most 


of the cleaning plants built in the Pittsburgh — 


district and have the impression that plants 
built with the intent of handling mechanically 
loaded coal have required at least an equal 
number of changes and additions to fit them 


Se ed 


to their duty as plants built before mechanical — 
loading was in use, which subsequently were © 


called upon to handle coal so mined. Our infor- 
mation on cleaning-plant performance indicates 
that in attempting to clean a mechani- 
cally loaded raw coal to the same standards of 
quality obtained from hand-loaded coal, both 
types of plants would fail equally to produce 
a coking coal of acceptable quality, because 
the inherent properties of the coal produced by 


mechanical loading could not under any system _ 


now in common use be cleaned to the desired 
point. From available information, this appears 
particularly true of many of the properties in 
the undeveloped area of Greene and Washing- 
ton Counties, which will not be able to achieve 
even by properly designed preparation plants a 
sulphur analysis approaching present-day 
analyses. Therefore, either it will be necessary 
to raise the limits of acceptable sulphur, con- 
tinue some of selective mining with highly 
efficient mechanical cleaning, produce by 
mechanical cleaning a steam coal of higher 
ash and sulphur so that a lower ash and sulphur 
metallurgical coal may be obtained, or to do 
all three. 

To date, the developments in mechanical 
mining and benefication methods, although 
of definite economic advantage, cannot be 
considered a final and satisfactory answer to 
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the use for cokemaking of the higher sulphur — 


coals, which constitute such a large proportion 
of the reserves of the Pittsburgh seam in 
Pennsylvania. Mr. Eavenson intimates that a 
similar situation exists regarding the large 
reserves of this seam in northern West Virginia. 
We hope that a paper covering the reserves in 
West Virginia may be presented to the Insti- 
tute during the next year or so. The statement 
by Dr. Powell, “In.view of the growing sulphur 
problem in the Pittsburgh seam that the time 
is ripe for comparative economic studies of 
various expedients to meet the situation,” is an 
excellent suggestion for future A.I.M.E. papers 
or a symposium. 


Coal in Turkey 


By Ferit Gurses,* Stupenr Associate A.I.M.E. 
(New York Meeting, February 1943) 


EXTENSIVE coal and. lignite deposits 
exist in Turkey. Bituminous coal is the 
nation’s principal mineral resource; im- 
portant not only as fuel for the industrial 
development of the country, but also 
as a means of obtaining foreign exchange. 
Of the electrical power generated during 
1939, 82.8 per cent was derived from coal.! 
It is anticipated that the lignite deposits 
will be one of the major sources of power 
for the electrification of the country. 


BITUMINOUS COAL 


The locations of the four principal 
bituminous-coal? basins are indicated on 
Fig. 1. The Eregli-Zonguldak basin lies 
on the Black Sea northwest of Ankara; 
the Canakkale basin lies near the junction 
of the Dardannelles; the Trakya basin 
is in European Turkey northwest of the 
Bosphorus and the Erzurum basin lies 
far to the east. 

The Eregli-Zonguldak basin is the most 
important of the four. This coal basin 
was discovered in 1829 but did not arouse 
interest until 1848; up to 1865, its annual 
production had not exceeded 50,000 metric 


tons. In 1865, during the Sultanate, work- 


ing of coal mines was started by the Navy 
department, and the annual production 
was 61,145 metric tons. In 1908, the 
Minister of Commerce and Agriculture 
was authorized to develop the whole coal 
basin. Production reached 264,397 metric 
tons in 1910, and during 1915-1922, 
preceding the revolution, the total produc- 


Manuscript received at the office of the 
Institute Nov. 28, 1942. Issued as T.P. 1602, 
July 1943. : 

* Graduate student, School of Mines, Colum~ 
bia University, N. Y. 

_1 References are at the end of the paper. 
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tion of the basin was 2,676,043, or an 
average of 334,000 metric tons annually. 
The period of national revolution that 
followed was marked by a steady increase 
in coal production in Turkey, although 
world production decreased, because of 
the crisis of 1929-1932, about 52 per cent. 


AREA AND GEOLOGY OF THE COAL BASIN 


The geology of the Eregli-Zonguldak 
area is not yet completely known. The 
basin begins at Gungazi, to the west of 
Eregli, and extends to Sogutozu, a dis- 
tance of about 106 miles. The coal beds, 
however, appear only in places and the 
overlying -Cretaceous strata. hide them 
elsewhere. This area includes the most 
important centers, such as Kandilli, 
Alacaagzi, Teflenli, Kozlu, Gelik (see 
Fig. 2). The geological sequence of the 
district is correlated with the Cretaceous 
of the Balkans; which is, in turn, a pro- 
longation of the Alpine zone. 

Geological surveys made by G. Ralli, 
R. Zeiller and P. Arni® show that the 
Eregli-Zonguldak formations fall into three 
natural divisions. Series a, The Alacaagzi 
in the district of that name (Fig. 2), 
is of the Culm stage. The strata strike 
generally east-west and dip about 30° 
south. This series appears also around 
Kandilli and Camli, with a steeper angle 
of dip, but the deposits there lack regu- 
larity. The Alacaagzi stage appears also 
farther east, to the south of Kozlu and 
Gelik. The Alacaagzi series contains 15 
seams of an average thickness of 234 ft. 
of good coal. 

Series b, the Kozlu, best represented in 
Zonguldak, Kilimli, Catalagzi, and between 
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Kozlu and Gelik, is of the Westphalian 
stage. In the first three places the strata 
dip almost vertically and outcrop along 
an east-west line of faulting. These vertical 
beds, five in number, called the Kilic 
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and Gelik is the best of the district, 
because of its regularity. About 20 veins 
can be distinguished, representing 130 ft. 
of coal. 

The Karadon series (c) to the south 
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Fic. 2.—TueE EREGLI-ZONGULDAK CoaL pistrict. (After W. S. Grancy.) 


series, constitute a transition zone between 
the Alacaagzi series itself and that occurring 
between Kozlu and Gelik. Southeast of 
Kandilli these seams are particularly good, 
and they are the principal source of produc- 
tion for the Kandilli mines. The Kilic 
seams also appear south of Kozlu and 
Gelik (Fig. 3). The series between Kozlu 


of Kozlu and to the south and north of 
Gelik (Fig. 3), correspond to the upper 
division of the European beds, and 
seem to contain eight seams of poor 
coal. It occurs also at Amasra and 
Sogutozu, to the east of the Zonguldak 
basin, where it assumes a more interesting 
character. 
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More careful geological study needs 
to be given to this coal district in order to 
permit estimation of its coal resources; 
even in the best known area of Zonguldak 
and Kozlu little is known above +980 ft. 
and below —650 ft. from sea level. It is 
hoped that the basin is rich in coal, which 
has been estimated to amount to approxi- 
mately 40 million metric tons per square 
kilometer. If it is assumed that the reserve 
of the Eregli-Zonguldak area is 2 billion 


metric tons,* not more than 2.3 per cent 


of the reserve tonnage had been mined to 
1940. 


QUALITY OF COAL 


The Eregli-Zonguldak coal is suitable 
for most purposes; it even compares 
favorably with the average of European 
bituminous coal. The percentage of volatile 
material varies between 30 and 40 per cent, 
when ash and moisture are deducted. It 
‘is difficult to give an analysis typical of 
the coal of the basin, since the calorific 
power and the amount of volatile matter 
of different coal beds, as well as the result 
of treatment for each, are variable. The 
following figures show only average limits:* 


PER CENT 

MOIStUTIE.,. We sasiew ies oe 2-8 

A Shen peti wets sdhiic Gets SOLO Le 
Volatile matter........ . 26-32 
Garbotiniisginds vieiz.sc ke DOFOL 
COkereisnodes ese Olt 
Sulphur) occas Obert 
Calloriess.. Ger. +. ssttset 0,007,500 


Coal from the lower stage has a higher 
percentage of volatile matter; therefore 
it is used in the manufacture of illuminating 
gas. Factories, railways, and steamship 
companies, on the other hand, utilize 
the coal from the middle stage. 


DoMESTIC AND FOREIGN COMMERCE IN 
COAL 


Turkish coal is sold commercially as 
large (+50-mm.), nut (50 to 18 mm.), 
hazel (18 to 10 mm.), slack (10 to 0 mm.), 


and tout-venant (run-of mine). The propor- 
tion of these size ranges remains almost 
constant, as follows: 14 per cent, large; 
22 per cent, nut; 19 per cent, hazel; 45 per 
cent, slack. 

These sizes are sold either separately 
or mixed, according to the demand. 
Factories prefer a definite size, whereas 
steamships or railways buy mixed coal. 
Mixed coal is sold in the following propor- 
tions: 30 per cent large, 35 per cent nut, 
35 per cent hazel; and 20 per cent large, 
25 per cent nut, 25 per cent hazel, 30 per 
cent slack.? 

The coal is shipped from the ports 
of Zonguldak, Kilimi, Kozlu, Kandilli, 
Amasra, Kirecli, but Zonguldak is the 
only port that has modern loading equip- 
ment. Export coal moves mostly in foreign 
ships. Table 1 indicates the foreign markets 
to which Turkish coal was consigned 
during 1938.5 : 


TABLE 1.—Coal Shipped from Turkey 


in 19385 
eae Percent- = Ste Percent- 
Destination age Destination age 


From 1927 to 1940 coal was produced 
by the following mines:* Eregli Komur 


TABLE 2.—Coal Shipped from Turkey 
between 1928 and 1934? 


Amount, Value, Turkish 
P d 


Metric Tons ound 

1928 93,000 1,417,500 
1929 155,500 1,876, 

1930 155,600 1,316,900 
1931 215,800 1,661, 

1932 333,553 3,783,000 
1933 479,360 . 3,820,700 
1934 692,266 3,204,000 


A Turkish pound at present is worth approxi- 
mately 76 cents in American money. 


Co., 37.07 per cent; Turkis and Kilimli 
Co., 18.55; Kozlu Komur Co., 13.83; 


si 


FERIT GURSES 


Turk Komur Kozlu Co., 9.12; Turk 

Komur Kandilli Co., 8.64; others, 1279. 
The quantity exported between 1928 

and 1934 and its value are shown Table 2.2 


LIGNITES 


The lignites of Turkey are mostly 
Tertiary in age. Their calorific values 
range between 4800 and 5600 for recent 
cormations; dense lignites, however, vary 
from 6000 to 7400 cal. There are two prin- 
cipal regions of lignite in Turkey, occidental 


yfak 


larity of the deposit, and the good ground 
(requiring less timber for underground 
working), all contribute to this. 

The lignite deposits of oriental Anadolu 
(Fig. 1) are rather irregularly scattered; 
the most important ones are near Bayat 
and Celtik. A geological survey made by 
Stchepinsky in 1939 shows lignite deposits 
occurring at Sivas, but those are low-grade 
because of the unfavorable climate of the 
Oligocene period, during which the lignite 
was formed.® These resources are not yet 


TABLE 3.—Analysis of Lignite’ 


Waalysis of Lignite’as Received Proximate Analysis of Pure Coal Distillari ae : 

; WNGA istillation Test of Lignite (Fisher 
Per Cent (Ash and pies eaclonre) Apparatus), Per Cent 
Vi ccs Se aan Se i ee 43 Carbonsie cist AO SOM mWiatter nc, Sanus Luteo eter 45.80 
ENS? ped oog SAREE ORO Le On 15 ishigel fore(eral eee ee am SS Bea 4.70 ae ie cadet Griis Sti Raeteaahs eae) catia 8.00 
Volatile’ matter./........ DISGEAVOxyoer Me the. huelnn Ane TO RSS Harrier cher Beans sorte aos : 3.10 
ime ducar DO. 4 sl css. evee 20.4 Nitrogetres tert 1s eee 2.18 | Coke and ashes....4..5...% 43.10 
Salpatienes powers eee 2.78 scat 
100.00 100.00 
100.00 

Anadolu* and oriental Anadolu. The fully developed, but the Celtik-Amasya 


reserves of occidental Anadolu are rich 
and relatively clean. 

The most important lignite beds are in 
Soma (Fig. 1). They are of an excellent 
quality, having a calorific value of 5400. 
Besides these, there are the Degirmisaz 
and Tavsanli (Kutahya) beds, which 
constitute an important reserve. 

A notable characteristic of this basin 
is that as the strata extend toward the 
south the overburden increases progres- 
sively. At the north it is comparatively 
thin, so that in certain regions the coal 
is almost at the surface, and parts of this 
deposit can be mined as open pits. 

The analysis made upon more than 350 
samples of Seyidomer lignites shows the 
results’ given in Table 3. 

This lignite is not a good combustible, 
because of its high percentage of water and 
ash. The main economic value of this poor 
fuel is for the local production of electrical 
energy. The large quantity of lignite 
(about 90,000,000 metric tons), the regu- 


* Name given to Asia Minor. 


basin produced 34,995 metric tons during 
the first 8 months of 1940. 

Table 4 shows lignite production in the 
most important districts of Turkey during 
first 8 months of 1940.° 


TABLE 4.—Production of Lignite in Turkey 
from January to August, 1940° 
Metric Tons 


34,995 


25,505 


Comparing these results with those of 


_ 1939, Soma shows an increase of 74.57 per 


cent; Degirmisaz 46.64 per cent; Tavsanli 
68.33 per cent; and Celtik-Amasya 30.27 
per cent. 

Besides providing a raw material for 
the making of several by-products, in- 
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creased production of lignite would cause 
an improvement in the national economy, 
for the following reasons: 

1. More bituminous coal could be 
exported, instead of being kept for domestic 
consumption, which would increase foreign 
exchange. 

2. The substitution of lignite for tezek 
(animal excrement dried and used as 
combustible during the winter) would 
make possible the use of tezek as fertilizer. 

3. Lignite can be used for the production 
of electrical energy. 


CONSUMPTION AND PRODUCTION FACTORS 


One of the major economic problems of 
modern Turkey is its coal industry. It is a 
source of export revenue, and also has 
special importance in the industrial devel- 
opment of the country because petroleum 
and water power are not used. Since the 
beginning of economic organization in 
Turkey, there has been a nationalistic 
effort to insulate the domestic economy 
from fluctuations of world markets, and 
to make it more nearly self-sufficient. 
The motives behind this action, from the 
economic point of view, are obvious: to 
proceed rapidly toward industrialization 
and raise the standard of living of the 
country. 

This objective prepared the way for 
organization of the coal industry under 
government control in an attempt to 
secure larger and more efficient production. 
This resulted, finally (No. 3851 Decrie 
2/1289, effective April 12, 1940), in bring- 
ing all coal producers under state super- 
vision. The amount of capital necessary 
to open new fields was thereby made 
available through the government, and 
centralized financial control in this in- 
dustry offers, at least theoretically, some 
prospects of successful production. 

In its relation to the government, the 
coal industry has two characteristics 
that make it different from the other 
mineral industries of Turkey. In the first 


place, it enjoys the unusual privilege that 
laborers in the coal districts are required to 
work in the coal mines, regardless of their 
inclination, in order to meet seasonal labor 
shortages. Secondly, the coal industry is 
controlled to keep coal prices at an ap- 


wennanninatia 


proved level. Thus they have been kept © 


constant in Turkey during periods of 
fluctuation elsewhere. 

This has come about because the Govern- 
ment believes that the economic activity 
of the country depends on an increased coal 
output and maintenance of a reasonable 
domestic price level. Governmental control 
in the coal industry was a natural con- 
sequence of previous inadequate manage- 
ment and unsatisfactory production, under 
the present economic system of Turkey. 
It would be expected that such an impor- 
tant industry could not escape some form 
of control if it was not functioning com- 
petently. To forecast the trend of this 
control is difficult in an age of transition 
and uncertainty like that of today; never- 
theless, it seems probable that such a 
system, presumably rigid and arbitrary, 
would experience difficulty in presenting 
an immediate solution to the coal problem. 

The present study, therefore, is con- 
cerned primarily with factors involving 
coal consumption and production. 

The coal market in Turkey has been 
steadily expanding, primarily because of 
increased consumption per capita due to 
higher standards of living, and also 
because of increased demand for coal 
by newly constructed plants. 

The upward tendency in coal consump- 
tion is due partly to the growth in popula- 


tion through birth and immigration. As . 


long as population increases, the demand 
for coal will increase, but the growth of 
consumption is much faster than that of 


' population. Between 1933 and 1940, the 


rate of coal output increased three times 
as fast as the rate of population. The 
increased consumption per capita between 
1931 and 1940 was as follows: 
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POUNDS PER POUNDS PER 


YEARS CAPITA YEARS CAPITA 
1931 111 1936 132 
1932 114 1937 160 
1933 115 1938. 170 
1934 129 1939 207 
1935 130 1940 2621 

Table 5 shows the increase in- con-: 


sumption made by public utilities and 
industries between 1933 and 1940.1 


TABLE 5.—Increase in Consumption by 
Public Utilities and Industries 


Coal Consump- 

tion, Metric Increase 

Tors in Coal 

Consumer Consump- 
— tion, 

we | 1940 | 
Maritime Services. .... 65.7 
Cement Mfg. Co.:.... 18,581| 61,506 33.3 
BRALINVINY Sitesi eset eierols o> 178,960} 459,196 Arf 
Electrical energy...... 20.9 

Gas manufacturing... . 181 


Sugarindustry......., 


1 Approximately. 


Paralleling the expansion of the coal 
market itself, increased ease of access to 
new markets has resulted from develop- 
ment of the railroads. This factor, as 
far as can be foreseen, is the one that 
probably will play the greatest part in 
continued expansion of coal consumption. 


TABLE 6.—Output in Eregli-Zonguldak 


District 

O Tou Expl Ti 

“Output, ons xplo- im- é. 
Year} Metric per sives, bers, Foes 

Tons Man/| Kg. |Cu. M : 
Day 

1923 597,499] 0.551} 14,381] 18,522 350,880 
1924 0.550} 23,926] 30,815 439,943 
1925 0.550} 23,050} 30,644 471,602 
1926 0.606} 29,269] 38,912 795,256 
1927 0.508} 31,865] 43,686; 1,034,920 
1928 0.606} 45,148] 43,772] 1,743,800 
1929 0.605} 51,129] 52,577) 5,359,370 
1930 0.661} 57,599] 62,219) 9,149,822 
1934 0.677] 101,890} 78,308} 19,007,094 
1935 0.700] 111,813} 78,630) 19,549,825 
1937 0.577| 132,791| 106,907) 28,288,194 
1939° 0.534] 160,462] 129,284] 38,455,552 


“Table 6. gives data on the Eregli- 
Zonguldak district between 1923 and 
1939. The totals for the 17 years were 
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28,895,400 metric tons; explosives used 
1,243,925 kg.; timber, 1,079,921 cu. m.; 
power, 223,210,267 kilowatt-hours. 

Table 6 indicates that the output per 
man-day has not changed appreciably. 
After rising irregularly from 0.551 net 
tons per man-day in 1923 to 0.700 in 1935, 
it dropped to 0.534 in 1939; the average 
being 0.612 between 1923 and 1939. 
The increased annual output therefore is 
secured only by additional labor, not by 
increased efficiency of production. The 
man-day coal output in Pennsylvania is 
about seven times greater than that of 
Turkey, and that of England is about 
twice as great. That this is due to physical 
conditions does not seem likely, because 
Turkish coal miners are not handicapped 
by difficult underground conditions; they 
are not forced to work at depths as great 
as 3500 ft., nor to mine seams as thin as 
14 in., as are British miners. The low man- 
day output seems due, mainly, to the lack 
of use of modern equipment or its less 
effective use, to management, to the 
irregular service of the mine laborers and 
their attitude toward their jobs, and to an 
inadequate supply of timber. 

The mechanization of Turkish coal 
mines is one of the country’s major future 
problems. It will require better coordina- 
tion, of production factors and develop- 
ment of a supply of permanent mine labor. 
Under present conditions increased use of 
modern equipment is not likely. The long- 
wall method does not require the use of 
loading equipment, since most of the work- 
ing faces are sufficiently inclined to slide 
the broken coal down to the chutes. The 
responsible authorities are taking every 
measure possible to secure better use of 
present mechanical equipment; lectures 
are given to the miners and a new school 
of mines: has been opened, with training 
in a four-year curriculum. - 

Since mining machinery is not yet 
manufactured in Turkey, the mechaniza- 
tion of Turkish coal and lignite mines, 
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as well as those of chromite, copper, iron, 
lead and manganese, will have to depend 
on imported machinery and associated 
equipment. A more liberal use of machinery 
may be expected when labor costs tend 
to be higher and power becomes cheaper. 
Although the main haulageways are 
equipped with Diesel locomotives, the 
performance of the haulage systems is a 
source of trouble. Its inefficient operation 
limits not only the capacity of the mines 
but also requires additional manpower. 
The figures in Table 7, computed from the 
performance data® of one mine in 1940, 
reflect this situation. The haulage effi- 
ciency of the second column represents the 
amounts of coal hauled per shift divided by 
the number of men employed in repairing, 
timber carrying, shoveling, hauling, un- 


TaBLE 7.—Performance of One Mine in 


19408 
Net Tons 
HAULAGE 
FACE EFFICIENCY, 

EFFICIENCY, TONS PER 

TONS PER SHIFT PER 
AN Man 
1.943 0.713 
1.640 0.651 
1.056 0.693 
0.200 0.115 
2.680 0.645 
1.910 0.899 
2.740 1.136 
3.100 0.833 
0.977 0.880 
2.297 1.020 


loading; that is, all the operations not 
included under the first column. According 
to these figures, the average number of 
men required (except for the face) to 
maintain 1000 net tons hourly capacity 
is about 10,550 in this particular mine. 
Furthermore, the number of men required, 
in all coal mines, to maintain 1000 net 
tons hourly capacity (reciprocal of man- 
hour) was 11,420 in 1935. This is about 
seven times greater than that of American 
bituminous coal mines for the same period. 


These data indicate that machines and 
men are not doing their best work; that 
the haulage is not functioning properly; 
and that, presumably, some absenteeism 
has its effects. < 
Management reflects the effects of a 
controlled economic system. Owing to 
the absence of normal competitive forces, 
its activity is not governed by the cor- 
responding economic factors. The main 
objective of the coal industry is its con- 
tribution to the national welfare. However, 
meeting this national need by producing 
more and securing corresponding results 
seems to lack momentum, at least for the 
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moment, because of the lack of incentives _ 


within the structure of the organization. 
From the production point of view, it 
may be claimed that the present form of 
management and production system is 
satisfactory, provided it is assumed that 
the planning agencies under state control 
possess the desire, the will, and ability to 
attain eventually reasonably efficient pro- 
duction. Only more years of experience 


will provide the evidence to support this — 


assumption. 

The labor situation also deserves con- 
sideration. The number of laborers em- 
ployed in the coal districts increases from 
year to year. Some of them intend to 
become miners and establish themselves 
in the district; some want only to earn 
money to pay their taxes, and then return 
to their farms; and some of them are there 
only because they are required by law 
to be there. When laborers leave the mines 
for their farms during harvest time a 
difficult labor situation is caused, and the 
recruiting of laborers causes even more 
difficulty. Men who are recruited and 
required to work for a certain period are 
mostly local agricultural labor; they are a 
sensitive and proud people who resent 
compulsion and present a corresponding 
attitude toward their work. It is not 
usually known whether there will be enough 
labor available for the next season or even 
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next month, since this depends on weather 
and harvest conditions. During the summer 
of 1936, for example, the crops were 
exceptionally good, and the coal mines 
lacked laborers during that period; in 
certain localities the deficiency of miners 
had reached 50 per cent of its normal 
level.® 

There are several reasons for this 
fluctuation in supply and the general 
lack of men skilled in coal mining: 

1. The men are not paid enough; in 
1937 the wage of a miner was of the order 
of one Turkish lira, which was about 


80 cents. Although the standard of living 


is low, this wage level is still not normal. 
But in spite of the low wages of the miners, 
the labor cost does not seem to be low, 
because of the difficulty and expense of 
recruiting. 

2. Housing conditions in the coal dis- 
trict are not very satisfactory. Fortunately 
the Government is helping to improve 
the living conditions a great deal; more 
than half of the 21,361 laborers in Zongul- 
dak now live in new barracks. 

3. The present day’s pay system. It 
seems perfectly possible to introduce the 
contract system for some classes of mine 
labor. The coal deposits are not generally 
irregular and short-term contracts may 
avoid uncertainties. Underground condi- 
tions are not so difficult as to make a low 
output inevitable. The eventual result of 
this would be that fewer men would be 
needed for a given output and no com- 
pulsory method would be necessary to 
provide labor supply. 

As long as the labor situation remains 
as it is it will not be possible to hope for 
reasonably high productivity and im- 
proved efficiency. Eventual mechanization 
of the mines by modern equipment would 
not prove helpful unless a permanent sup- 
ply of skilled miners were made available. 

Lack of timber supply for underground 
support presents another difficulty in 


obtaining better results in the coal industry. 


Turkey does not produce much steel and 
none for underground use, therefore only 
timber is used. Although the country has 
great forest resources, the poor quality of 
the timber, lack of transportation facilities 
and irregularity of supply make the 
problem of underground support difficult. 
Heavy ground conditions in the district 
require an excess use of timber, which 
amounts to 1.54 cu. ft. per net tons of 
coal mined, and call for additional man- 
power for its handling and transportation. 


SUMMARY AND CONCLUSION 


Extensive deposits of bituminous coal 
and lignite occur in Turkey. Coal has an 
important role in the industrial develop- 
ment of the country. 

The average annual coal production 
from 1902 to 1921 was 626,000 net tons; 
it rose to 1,870,000 net tons between 1923 
and 1939. 

Owned by the State, the coal mines are 
operated under government supervision. 
Unlike other Turkish industries, labor 
shortages are met by recruiting men under 
a draft law, and the output of various 
mines is marketed through a single sales 
agency at a controlled price. 

Labor productivity is still low, its 
average being 0.612 net tons per man-day 
between 1923 and 1939. This situation 
is caused mainly by the inadequacy of 
labor supply and the lack of experienced 
miners, resulting from low wages, poor 
housing conditions, and lack of incentives 
for production. 

More general adoption of modern equip- 
ment and improvement in transportation 
facilities, and an adequate and regular 
supply of underground supports, coupled 
with a more effective organization in the 
management, seem necessary to make coal 
more cheaply available in the nation’s 
markets. Only through such means can 
Turkey promote its national welfare, a 
possibility that is realizable from the 
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good quality and large reserves of its coal 
resources. 

In spite of the difficulties encountered, 
the coal industry of Turkey is showing 
progress in economic activity; Zonguldak, 
in particular, resembles an American 
boom town. 
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DISCUSSION 


M. M. Letcuton,* Urbana, Ill—From the 
standpoint of quality of the coal resources, 
it is evident that the Eregli-Zonguldak field is 
the most important body of coal in Turkey. 
This coal is of middle Pennsylvanian age, 
similar to that of most of the bituminous coal 
of Carboniferous age mined in North America. 
It appears to be of high-volatile A and medium 
volatile rank. The average quantity of the coal 


* Chief, Illinois State Geological Survey. 


is estimated to be about 100 million tons per 
square mile. The total quantity is approxi- 
mately half that originally making up the 
Herrin (No. 6) coal bed in Franklin County, 
Illinois. 

The author expresses dissatisfaction with 
the quantity of coal produced from this field. 
This dissatisfaction rests largely upon the low 
rate of per capita output. It is interesting to 


note that mining is essentially nonmechanical — 


—that is, hand mining is used; and, what is 
more significant, that compensation is on the 
day’s pay and not the tonnage system. It 
would appear that such a system of compensa- 
tion would be conducive to a low rate of man- 
day output. The Oriental contract system 
commonly characterizing labor employment in 
the Far East is only day’s pay system once 
removed, but in general seems to work better. 
The fact that the labor is to a\ considerable 
extent compulsory would also probably tend to 
lower the per capita output. 

The development of more industrial enter- 
prises and elevation of the standards of living 
would appear to be the best bases for expansion 
of mining. But because of the relatively small 
supply of this relatively high-grade fuel, it 
seems probable that every effort should be 
made to substitute lignite for bituminous coal 
wherever this can be done. The relatively small 
reserve of bituminous coal seems to point to 
the desirability of careful conservation of the 
coal for internal use, thereby extending as far 
as possible the life of this important energy 
resource for use by the Turkish people rather 
than its use to obtain foreign exchange. 

The adoption of mechanized mining would 
considerably reduce the cost of production, 
probably, but might lead to undesirable 
economic and social repercussions unless it 
paralleled increased demand. The boom con- 
ditions described as existing in the Zonguldak 
area are.an indication that increased demand 
is under way. 
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Breaking Coal with Cardox in the Pittsburgh Seam 


By E. C. SKINNER* 


(New York Meeting, February 1944) 


CarpDox, which consists essentially of a 
steel tube containing carbon dioxide com- 
pressed to the liquid state, is a trade name 
designating a device used principally in 
coal mines to break down coal. 

The use of Cardox to break down coal 
was developed in the Middle Western coal 
fields around 1927 or 1928. At first, a large, 
heavy tube was used, requiring many parts. 
Through experimentation and technologic 
improvement, the weight of the tube has 
been brought down from 88 lb. to 20 lb. 
and the new, light tube makes use of 
larger volumes of CO: at lower pressures 
than formerly was thought possible. 

This blasting method is extensively used 
today in coal mines and probably one tenth 
of the bituminous coal produced in the 
United States is prepared with Cardox. 


CONSTRUCTION AND APPLICATION 


As used in the coal mine, Cardox looks 
like a piece of steel pipe 2 to 3 in. in diame- 
ter and 3 to 5 ft. long. When it is necessary 
to fire a shot, the tube is wired with two 
leg wires that are long enough so that when 
the tube is pushed the desired distance into 
the hole the wires will protrude 5 to 6 in. 
It has been found that No. 18 insulated 
copper annunciator wire is the best ma- 
terial for leg wires. A two-conductor rubber- 
covered shot-firing cable of sufficient length 
is then attached to the leg wires. A 2 to 
6-volt current is applied, either by means of 
shot-firing batteries or the standard type 
of shot-firing generator. 


Manuscript ae at the office of the 
Institute Feb. 21, I 
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Upon the application of the current, the 
charge in the cartridge is set off. Because 
the breaking action upon the coal is sup- 
plied by the relatively slow physical ex- 
pansion of the carbon dioxide gas rather 
than by the rapid chemical formation of 
gases as in more familiar explosives, the 
result is a slow heaving action, somewhat 
similar to that produced by black powder, 
rather than a sharp detonating effect. Per- 
missible powder does its work at roughly 
ten times the pressures in use with Cardox. 

The escaped gas from a Cardox shot 
apparently works along the planes of weak- 
ness in the coal face, such as the coal cleats, 
the edges of the cut, and along the top of 
the seam, breaking off the coal toward the 
free faces and heaving the mass of coal 
outward. 

Cardox tubes are manufactured in vari- 
ous sizes to take care of variable conditions 
of seam size, undercut depth, cleatage, coal 
hardness, and so forth. 

The tubes range in diameter from 2 to 
3 in. (Table 1) and the normal CO» charge 
is from 24 to 96 oz. For any one tube size, 
several sizes of shear disks are available, 
thus excellent control of the type of shoot- 
ing desired is possible. 

In general, local experience and experi- 
mentation dictate the size of tube chosen 
for any particular job. For high coal, and 
deeper or wider cuts, a larger size is chosen 
to start with, and the opposite is true for low 
coal, softer coal, or small cuts. After the 
tube size has been experimentally selected, 
tests are run in the mine to determine how 
many shot holes are needed and where the 
holes should be placed. The size of the disk, 
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which determines the pressure at which the 
CO; is released, may then be varied to give 
harder or softer shooting, whichever is re- 
quired. Often, by experimenting with vari- 
ous sizes of disks, it is possible to eliminate 
one hole to a face; or it may also be pos- 
sible, by drilling an extra hole, to use a 
thinner disk, thus producing much coarser 
coal. 

Choice of tube, disk size, and placement 


economical procedure be followed. In such 
a case, the goal to strive for is to shoot the 
coal in a manner to give maximum coarse- 
ness yet hard enough to give the loading 
machine a chance to operate efficiently. 
This balance is best obtained by experi- 
mentation at each mine. 

Fig. 2 shows a diagrammatic sketch of a 
Cardox tube. The tube body is forged of 
chrome-molybdenum alloy steel 346 in 


TABLE 1.—Permissible Combinations of Cardox Cartridges and Other Pertinent Data _ 


Hydraulic Pressure to 
Sheer Tish Recom-| Maxi- | Recom- Overall 
Sh Disk mended} mum |mended Assam 
Tubes | Dick | Disk | Thick- Char- | Heater | Normal] ¢ bled 
Size ced Gauge | ness, Mini- Maxi- coal | Permis-| Charge Length 
st In. |mumby| Nor- | mum, | Heater,| sible, CO:, Ta sy 
Bur. of | mal with | Grams | Grams Z. ; 
Mines Cardox 
2-50 16 0.062 8,000 | 10,000 | 12,000 3434 
0.078 | 10,000] 12,000} 14,000 
0.109 | 13,000] 15,000] 17,500 
0.140 | 17,000} 19,000] 22,000 
2-80 ihe 0.062 8,000 | 10,000 | 12,000 4634 
0.078 | 10,000} 12,000] 14,000 
0.109 | 13,000] 15,000} 17,500 
0. nae 17,000 | 19,000] 22,000 
2-100 ihe 0.062 8,000 | 10,000 | 12,000 5834 
0.078 | 10,000] 12,000] 14,000 
0.109 | 13,000] 15,000] 17,500 
0.140 | 17,000] 19,000] 22,000 
231-130| 134 0.109 | 12,000] 14,000] 16,000 5956 
0.140 | 16,000} 18,000} 20,000 
0.172 | 18,000] 20,000 | 22,000 
3-200 | 134 0.109 | 10,000} 12,000} 13,000 53 
0.140 | 13,000] 15,000} 17,000 
0.172 | 17,000] 18,000 | 20,000 


of holes are, of course, directly related to 
the loading of the coal. With machine 
loading, it is very important that the coal 
be shot well enough so that it can be loaded 
efficiently without digging coal from the 
face. On the other hand, if the coal market 
tequires a minimum of fine sizes, it is 
equally important that the coal be pre- 
pared, shot, and subsequently handled in a 
manner designed to satisfy this require- 
ment. Thus for commercial coal mines 
shipping coal into a market where coarse 
sizes command a premium price, a delicate 
balance must be set up between the shoot- 
ing and the loading, in order that the most 


thick for this particular size. This is the 
chamber that contains the COz. The top 
assembly is fastened to the shell body by 
means of heavy threads, with a gasket 
between the tube body and the top as- 
sembly. Contained in the top assembly are 
the electrical connections, both of which 
are connected by means of leg wires to the 
shot-firing cable. The electrode, a part of 
the top assembly, but insulated from it, 
provides the electrical connection between 
the terminals and the heater element after 
the heater element has been positioned, 
and the top assembly screwed down. The 
heater element consists of a paper tube 
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about 34 in. in diameter and 14 in. long 
over all, fitted with a wooden plug top 
constructed with a shoulder, so that it rests 
in the throat of the tube body and is held 


shell body and greatly increases its volume 
until the pressure becomes great enough to 
rupture the shear disk, allowing the gas to 
escape with a surge. These shear disks vary 


Fic. 1.— BREAKING ACTION OF A CARDOX DISCHARGE. 


a. Tube in place at instant of 6. Discharge expended, coal 
breaking down. 


disk rupture. 


firmly in place when the top assembly is 
put on. Two enameled wires extend about 
14 down into the heater element, entirely 
surrounded by a mixture of potassium 
perchlorate and charcoal. One wire comes 
up out of the center of the wooden plug 
and makes contact with the positive elec- 
trode. The other wire is brought out 
through the side of the wooden plug at the 
shoulder and makes contact with the tube 
body forming the ground when the tube is 
assembled. A fine nichrome wire coated 
with fulminate of mercury joins the ends 
of these two wires together within the 
heater element. 

Also contained in the top assembly is 
the set-screw admission valve, used when 
refilling the tube for admitting the CO, 

into the tube body. 

At the lower end of the tube, or the end 

_ placed at the back of the shot hole, is 
the discharge cap, also screwed into the 
tube body. Held between the tube body 
and the discharge cap is a gasket and the 
- shear disk. 

When a proper electrical impulse is ap- 
plied to the circuit of the tube, the mixture 
of potassium perchlorate and charcoal is 
ignited by the fulminate of mercury. The 
heat generated by the rapid burning of the 
material in the heater element gasifies 
the carbon dioxide contained within the 


c. Coal shot down. 


in thickness from 0.062 to 0.172 in. 
(Table 1), depending upon the size of shell, 
and are made of common soft steel. The 
thickness of the disk determines when it 
will rupture and thus controls the pressure 
at which the surge of CO. escapes from 
the tube. 

Angle vent ports are placed in the dis- 


. charge cap, to reverse the direction of some 


of the escaping gas, thus creating a tend- 
ency to hold the shell in the shot hole. 


RECHARGING 


After discharge, the tubes are recovered 
and sent outside the mine for recharging. 
The tube is first dismantled by taking off 
the discharge cap and the top assembly, 
and at this time the parts are inspected. 
The burnt heater element and any remain- 
ing portions of the sheared disk from the 
previous discharge are removed. The tube 
is then reassembled by the insertion of a 
new heater element and shear disk, as well 
as new gaskets at each end of the tube 
body. The discharge cap and top assembly 
are then screwed tightly into place and the 
tube is ready for refilling. It is placed in a 
fixture with the top assembly clamped 
tightly in the filling mechanism of the high- 
pressure pump, which pumps the liquid 
CO, from the insulated storage tank into 
the tube. When the tube has been charged 


. 
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to the proper pressure, it is disengaged 
from the pump and weighed, in order to 
check the amount of CO: in the tube. The 
electrical circuit within the top assembly 
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mediately over the coal. The character- 
istics of the draw slate itself, however, are 
extremely variable. It ranges from o to 5 ft. 
in thickness, from white to black in color, 
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Fic. 2.—SECTION THROUGH AN ASSEMBLED CARDOX TUBE. 


. Shell body. 

. Top assembly. 

. Positive terminal. 

. Negative or ground terminal. 
. Electrode. 
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is checked with a galvanometer and finally 
each end is dipped in water, to be sure that 
there are no leaks at the gaskets. This com- 
pletes the charging operation and the tube 
is now ready for re-use. 

The CO: may be stored at the plant in 
4-ton storage tanks, which can be re- 
plenished periodically by an insulated tank 
truck that hauls the CO: from a main dis- 
tributing point in the district. 

Heater elements, because of their inflam- 
mability, are stored in fireproof buildings. 


CHARACTERISTICS OF PITTSBURGH SEAM 


Several characteristic features of the 
seam occur throughout all areas.* Typical 
are the “‘bearing-in bands,” consisting of 
two bands of slate from 14 to 1 in. thick, 
separated by 3 to 4 in. of coal. These bands 
present a problem in underground face 
preparation, in that it is advantageous, 
from the standpoint of free impurities in 
the coal, to keep the bands in large pieces 
and not to have them broken up. In hand 
loading, it is the practice to gob them in 
the mine, but with mechanical loading they 
are loaded out with the coal. The shooting 
should minimize breakage at these strata. 

Another regular feature throughout the 
area is the draw slate, which occurs im- 


*For details regarding the seam, see paper 
by Davis and Griffen, page 22, this volume. 


6. Heater element. 

7. Set screw, admission valve. 
8. Discharge cap. 

o. Shear disk. 

to. Carbon dioxide reservoir. 


and from extremely hard to muddy in 
texture. Upon exposure to the mine air, it 
draws away from the roof immediately 
above and falls and crumbles. The speed 
with which this drawing takes place is 
dependent to a large extent on the hardness 
of the slate. Where the draw slate is hard, 
very little contamination of the coal takes 


place because of drawing and falling, but 


where it is soft, or wet, it begins to crumble 
as soon as the coal is shot. From a quality 
standpoint, it.is desirable to keep the slate 
out of the coal, and here again the shooting 
practices should be set up to disturb the 
slate with the coal shots as little as possible. 

Other natural irregularities that occur in 
the seam are rolls of bottom or top rock, 
pinching out part or all of the coal, and 
clay veins and spare, which are fissures of 
varying thickness through the seam filled 
with shaly or clayey material. These prob- 
lems must be solved individually as they 
are encountered. 

The coal, from 6 in. above the bottom 
of the seam to the bottom bearing-in band, 
is of good quality but lacks solid structure. 
The coal from the top band to the draw 
slate is the portion of the seam which 
yields the coarser sizes. Due regard in the 
preparation and handling of coal from this 
section of the seam will result in the pro- 
duction of the maximum yield of coarse, 


blocky coal. The top breast also contains ‘4 
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the best coal in the seam from the stand- 
point of ash, sulphur, and burning 
characteristics. 

There are two definite and distinct cleat- 
ing planes in the coal—one called the butt 
cleat, which is the shorter of the two, and 
the other called the face cleat, which is 
long and very well defined. The two cleats 
are at approximately 90° to each other, 
which causes the mined coal to have a 
blocky appearance. 


OPERATING ADVANTAGES 


The Pittsburgh Coal Co. uses Cardox 
for shooting the coal wherever mechanical 
loading is done. Normally, the finer sizes 
sell under the average or mine-run selling 


_ price while the coarser sizes sell above the 


average. Manifestly the dictates of eco- 
nomics is to produce a maximum of coarse 
coal. 

There are other operating advantages, 
which deserve serious consideration. Since 
mechanical cleaning usually accompanies 
mechanical loading, it is an advantage to 
clean the larger sizes rather than the 
smaller ones. Water cleaning methods of 
fine coal pose problems of water clarifica- 
tion and settling, and drying of the cleaned 
coal—all of which adds a burden to clean- 
ing expenses. 

According to data appearing in Chapter 
I of ‘The Economics of Coal Preparation,” 


by J. B. Morrow and D. H. Davis, the 
following relationships hold true: Assuming 


the ratio of the cost of wet cleaning the 
34 to 4-in. size as 1, it has been estimated 


that the cost ratio for hand-picking plus 


4-in. is 1.15 and the ratio for wet cleaning 
the minus 3¢-in. size is 2.43. This is almost 
24g times the cost of cleaning the inter- 


- mediate sizes. 


Size deterioration may occur at any 
place along the line from the time the coal 


face is shot in the mine until it is put in 
the customer’s bin. Coal shot with Cardox 


withstands handling, loading, dumping, 


_ screening, and storage, to a marked degree. 


This is attributed to the pushing, break- 
ing effect, using lowest possible pres- 
sures, of the Cardox shot upon the original 
coal face. In a given piece of coal, there are 
fewer shatter cracks caused by the initial 
blast to weaken with each subsequent jar 
and finally to break into smaller pieces. 

Because of the emphasis being placed on 
dust suppression in the mines, there is an 
advantage in handling coal that releases 
minimum dust. Extreme fines, as found in 
the immediate area of the coal face around 
a powder shot, are considerably reduced, 
which in addition to the lessened degrada- 
tion into finer sizes during loading, trans- 
ferring, or dumping reduces the amount of 
dust available to be thrown into suspen- 
sion in the mine air. 

The results of screen analysis of coal 
shot with Cardox as compared with coal 
shot with powder are shown in Table 2. 
This coal was loaded with mobile loaders 
into mine cars and the sizes were those at 
the final loading point after the coal had 
been put through the cleaning process. 

The percentage of finer sizes, under 1 in., 
is reduced with Cardox by a total of 8 
per cent, or about the amount the plus 
4-in. size is increased. The intermediate 
sizes remain approximately the same. In 
addition, the quality of the plus 4-in. 
size is improved because there is more plus 
6-in. included. 


TABLE 2.—Comparative Mine-run Size 
Consist of Coal Shot with Powder and 
Cardox at One Mine in Western Pennsylvania 


Size, Per Cent 


Size, In. 

Powder Shot | Cardox Shot 

Ona 9 17 
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In areas where coarser coal brings higher 
prices, this difference in size consist may 
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have an important bearing on the total 
realization. The amount of increased real- 
ization that could be obtained also depends 
upon the proportion of the coal sold as the 
primary grades shown in Table 2 in rela- 
tion to the amount sold as a mixture of 
grades or mine run. Any increase in realiza- 
tion, however, is partially offset by the 
increased cost of using Cardox. 

Table 2 shows that the top sizes in the 
plus 4-in. size are improved. This is also 
true of the other sizes. Accordingly, a 
coarser slack is obtained, which, even 
though it may bring no higher realization 
than powder-shot slack, nevertheless is a 
more marketable product and normally 
sells more easily. 

Slack from powder shooting, however, 
tends to be of higher quality analytically 
than Cardox slack because of its benificia- 
tion by the greater degradation of the 
“‘top-breast”’ coal. 

In the Pittsburgh Coal Company mines, 
Cardox is used to blast the coal for mobile 
loading, hand loading on conveyors, and 
duckbill loading. 

In most cases, the coal is loaded directly 
to the mine car, hauled to the outside, and 


dumped. At some mines, the coal is then - 


mechanically cleaned at this location; at 
others, it is dumped to railroad cars for 
transportation to a central cleaning plant. 
Where there are installations of shuttle 
cars, additional dumping is necessary. 

The coal is all worked on the room-and- 
pillar system, under cover varying in thick- 
ness from 100 to 500 ft. Generally main 
face entries are turned off main butts in 
sets of from 4 to 6, at intervals of about 
2000 ft. Butt or room entries, usually in 
pairs, are turned off the main faces at inter- 
vals designed to give a 300-ft. room. Entries 


are driven 11 or 12 ft. wide on 40 or 5o-ft. . 


centers; rooms are driven about 21 ft. 
wide on 50-ft. centers, leaving a rib about 
29 ft. thick to bring out on the retreat. 
The room entries are worked out retreating; 
that is, entries are first driven up and room 


necks turned. Rooms are then started on 
the inby end of the entry and a breakline 
is established. The rooms and ribs are 
worked out successively to the bottom or 
outby end of the butt entry. Room entries 
are driven on the butt course, so that the 
rooms, which are turned off at 90°, may be 
driven up on the face cleat. This provides a 
regular, straight, working face and leads to 
better coal preparation and a greater 
amount of coarse coal. 

In general, in the mechanical mines, there 
are three basic types of work—entry or 
narrow work, single-wing room work, and 
rib cutover work—for which definite face- 
preparation standards have been set up. 
Within the usual range of working condi- 
tions, these practices give uniformly good 


loadability and production of coarser sizes. 


The fundamental rules of good face prepara- 
tion pertain to all types of work. 

Because a Cardox tube is a fixed charge 
and cannot be changed readily to take 
care of substandard preparation, places 
should be as similar as possible in width, 
undercutting, hole placement, and so 
forth. 

Toward that end, cutting should be care- 
fully done so as to leave straight ribs and 
an even, straight face devoid of pockets. 
Cuttings should be completely removed 
from the kerf, so as to leave a space in 
which to shoot the cut of coal. 

Because of the presence of the bearing-in 
bands, it is the practice to drill snub holes. 
These holes are started above the bands 
and drilled at such an angle that the back 
of the hole lands at the back of the under- 
cut and just touches.the top band. The 
action of the snub shot is that of a breaker 
shot. It is drilled on a pitch and is always 
shot first, so as to kick the bottom coal 
out to provide a free face and leave space 
in which to shoot the upper section of the 
seam. 

Holes drilled near the top of the seam 
are called top holes. Usually they are placed 
on each side of the cut and if the place is 
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more than 12 ft. wide a hole in the center 
is added. These holes are drilled from 6 to 
8 in. away from the slate, in order to 
minimize action on the slate. Top holes on 
the sides next to the ribs are kept 6 in. 
from the solid rib. All top holes should be 
drilled level and, except in rib cuts, parallel 
to the sight line of the place. In order to 
place holes at these exact locations, it is 
the practice of the drillers to use rods of 
iron of }4-in. diameter and 8 to ro ft. long 
to poke into the kerf and sound out the 
outlines of the cuts. A rod is lined up under 
the cut where the hole is wanted and the 
hole is then drilled following the rod. 

Cardox tubes, when placed in the top 
holes, are pushed completely to the back 
of the cut, then pulled out 4 in. in order to 
form a “‘cushion,” and also to give some 
space for the tube to move in when it is 
discharged. Tubes in the snub holes are 
placed so that the top of the tube is just 
inside the collar of the hole. Because of the 
angle of the hole, the force of the discharge 
will travel to the back of the cut and heave 
the coal out, but there will be no tendency 
to overly shatter the bands. 

Shot holes in both the coal and slate are 
drilled with post-mounted electric drills. 
The drilling pattern is so arranged that 
as many holes as possible may be drilled 
from one setup of the drill. Slate holes are 
drilled therefore at the same time as the 
coal holes. The drills are equipped with 
augers about 4 ft. long, fitted with a splined 
shank on one end and a socket to take an 
identical spline on the other. The cutter or 
auger head, in which the detachable bits 
are mounted by means of small wedge 
blocks, are also fitted with splined shanks. 
_ A hole is started withone section of auger 
fitted to the thread bar. After the first auger 
has drilled to its depth, the second is added 
and the hole is finished to the full depth. 

When the drilling and other preparatory 
work on the coal face has been completed, 
the coal is ready to be shot. The usual 
practice is to shoot the complete round of 


coal holes at this time, but on special 
occasion this is not done. If the slate is 
exceptionally bad and likely to fall, or if 
the place is in a pillar undergoing pressure, 


Fic. 3.—SHOT-FIRER CHARGING SHOT HOLE 
WITH CARDOX. 


it is common practice to shoot only the 
snub holes at this time. The shot-firer wires 
up the tubes as explained previously, 
places the shells in the holes, and pushes 
them into position with his stick (Fig. 3). 
The holes are then fired in correct order 
one by one. After the last shot has been 
fired, the empty tubes are collected and 
returned to the storage rack. . 

Fig. 4 shows a coal face that has been 
shot with Cardox. 


Face PREPARATION 


Fig. 5 is a diagram of a single-wing room 
as it is worked in mechanical loading. The 
“wing” in this case refers to the block of 
coal on the right, measuring approximately 
7 by 7 ft. This block or “wing” is kept 7 ft. 
behind the advancing face, so as to make it 
unnecessary to handle the slate over the 
full width of the room. The slate is taken 
down in the entire area of the advance face, 
but it is left intact and supported on posts 
in the ‘‘ wing” area. Slate from the advance 
place is gobbed, where possible, in the 
mined “wing” area, 
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The round of holes in this place, consist- 
ing of four coal holes and three slate holes, 
is drilled from three drill setups. Hole No. 1 
is in the wing and is drilled normally from 


a setup under the posted slate. When con- 
ditions do not permit this, the hole is drilled 
from an extra setup in the center of the 
place. The hole is drilled from aposition 
under the slate, so as to throw all the coal 
in the wing out toward the center of the 
place, where it can readily be picked up by 
the loading machine. This particular hole 
produces the coarsest coal in the cut be- 
cause of the three free faces to which the 
discharge is working. 

The second hole to be fired is the snub 
hole in the advance face place. The shot 
breaks out a cone-shaped section of the 
bottom coal and cracks the bottom coal 
from the right rib to about two thirds 
across the face. The right-hand top hole is 
fired next, bringing down the coal on the 
top right side of the room. The final shot 
is in the left-hand top hole, which brings 
down the remainder of the coal. 


Fic. 4—— COAL FACE SHOT WITH CARDOX. 
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Fig. 6 is a cut of coal in a rib cutover. 
It is the most difficult cut to shoot because ~ 
of the possibility of weight. It is impossible — 
at times to get all the cuttings from the . 


kerf. It is also made more difficult because 
of the angle cut on both sides. The left 
side is angled in order to allow the loading 
machine access to the place. The right side 
is cut in this manner because of the neces- 
sity of removing the back stump to allow 
the overburden to cave readily upon com- 
pletion of the cutover. This cut is shot with 
six holes in all, two of them being snub 
shots. The snub holes are drilled in the 
same relative position as the snub shot in 
single wing. Two holes are used in order to 
be sure that the bottom coal is kicked out 
before the top shots are fired. After the 
snubs have been fired, the top center shot 
is fired in order to break out a wedge in the 
center of the place. When the center has 
been cleared, the sides are shot into this 
open space, the left side being shot first, 
for reasons of safety. Hole No. 6 is shot with 
powder, because of its short length and to 
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prevent the loss of a Cardox tube in the 


gob. All of these holes are drilled from two 
drill setups. 
In entries or narrow places, as shown in 
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maximum amount of coarse coal. By the 
use of Cardox in combination with definite 
face-preparation standards, it is possible to 
get a degree of control.in shooting and 
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Frc. 5.—DIAGRAM OF A SINGLE-WING ROOM. 


Fig. 7, only three shots are required to 
prepare the cut for loading. The first hole 


~ fired is the snub.drilled in the usual manner. 
The right top hole is fired second, after 


which the left top hole is fired to complete 
the shooting. This small cut requires, how- 


ever, two drill setups. 


pee Se 


All of the foregoing schemes for face 
preparation are used in order to get the 


pest possible loading conditions along with 


rf 


coarse size production not possible other- 
wise. Where the system is correctly applied, 
there is enough shooting power available 
to bring down the coal if drilling, cutting, 
and cleaning of the kerf have been properly 
done. The Cardox tube is a standard 
shot designed to do a certain amount of 
work within certain limits, and it. is 
necessary therefore that all companion 
operations be up to. standard. If any 
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of the other preparation practices are 
neglected, the coal is not likely to be 
well prepared for loading. With powder 
shooting, preparation mistakes can be 


Bach of slate.Holes at top of slate-. 


®=0rder of firing 
° = Posts 
Drill setups 


Fic. 6.—RIB CUTOVER CUT. 


covered up by overshooting, but with 
Cardox this cannot be done. 

This inability to cover up is an advan- 
tage rather than a disadvantage. Because 
mistakes most often show up as tight coal 
and consequent delay to the loader, it 
focuses the attention of the supervisors 
upon the need for getting each job done 
correctly. It definitely discourages the use 
of poor work habits. As the work is the 
same in all cuts of the same kind, the oper- 
ations are more easily taught to inexperi- 
enced men, and the whole cycle tends to 
become routine and standardized. 

The decision as to the best way to shoot 
a cut of coal no longer rests on the judg- 
ment of the individual charging the shot 
hole, but rather on the basis of all the facts 
of experience and experimentation applied 
from an engineering point of view. 

There are other factors that may be con- 
sidered in the use of this device for dis- 
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- Visibility is practically the same as though 


lodging coal. One of these is the absence of 
smoke and fumes. When the operating 
cycle demands it, the loading machine may 
start immediately after a cut has been shot 


down, with no discomfort to the men. 


no explosive had been fired, and the only 
odor present is the slight smell caused by 
the burning of the contents of the heater 
element. 

The transfer of loaded and empty tubes 
between the charging station and the 
working place is easily accomplished. The 
interchange usually is made once a day, 
but at large mines it may be desirable to 


interchange twice, in order to reduce the 


number of tubes in service. A quota of 
tubes is set up for each loading machine 
and they are then traded evenly, a load for 
an empty. Each loader section is fitted with 
a rack upon which all tubes not in the coal 
are placed at the end of each shift. The 
Cardox delivery man visits each station 
and replenishes the supply, taking the 
empties back to the charging plant. The 
tubes are hauled in insulated wooden cars. 
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Perpetual inventories of each section are 
kept as required by the Federal Explosives 
Act, but even without Government re- 
quirement this would be done because 


utilize this characteristic in emergencies. 
Placards are posted at each Cardox rack in 
the mine, explaining in detail how the CO. 
within the tube may be released to extin- 
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Fic. 7.—AN ENTRY CUT. 


- losses may be spotted more quickly than 
in any other way. Wastage of tubes, due 
to loss or damage beyond repair, amounts 
- to about 2 per cent per month. 


CarpDox TUBES AS FIRE EXTINGUISHERS 


Carbon dioxide gas, which is contained 
in each shell, is an excellent fire extin- 
guisher and a system has been set up to 


guish fires. This is done by loosening the 
set-screw admission valve by the use of a 
9{-in. Allen wrench, several of which are 
attached to the instruction placard. These 
wrenches are also carried on each gathering 
locomutive. After the set screw is opened 
sufficiently to allow the gas to escape, the 
shell may be thrown on the fire or the CO: 
jet may be played on the blaze in the same 
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manner as a stream of water. The COs 
blankets the atmosphere in the immediate 
vicinity of the fire to such an extent that 


Fic. 8.—RESULT OF A FLYING CARDOX TUBE. 


combustion is no longer supported, and the 
fire is extinguished. 

In hand-loading mines where Cardox is 
not used for breaking coal, stations con- 
taining a half dozen tubes have been set up 
at strategic locations, such as repair shops 
and pump houses, to be used in an emer- 
gency for fighting small fires. 

In numerous instances, tubes have been 
used for this purpose with good results. 
At one mine, the Joy operator neglected to 
remove the power tap of the trailing cable 
from the trolley wire during lunch period. 
A defective splice in a length of cable piled 
on the Joy head blew through and ignited 
the cable insulation, creating a small but 
hot blaze. When the fire was discovered, 
the tap was removed and a number of Car- 


dox tubes were opened and tossed onto the 
pile of burning cable. Fortunately the fire 
had not yet ignited the coal, so that it was 
quickly brought under control. 


SAFETY 


Cardox has been classed by the U. S. 
Bureau of Mines as a permissible blasting 
device when applied in conformance with 
the regulations developed for its use. By 
experimentation and testing, permissibility 
has been granted on the safe combination 
of heater ingredient, weight of CO2 and 
disk thickness. 

Its outstanding safety feature is the com- 
plete absence of flame upon discharge. In 
the discharge reaction of the shell, no part 
of the burning heater element is exposed to 
mine atmosphere because it is encased in a 
gastight cylinder surrounded by inert gas. 


’ According to Bureau of Mines Report of 


Investigations 3714, ‘‘all Bureau of Mines 
laboratory tests have failed to obtain an 
ignition of any mixture in air, of gas and or 
coal dust by Cardox devices.” ’ 

Cardox, however, has been responsible 
for a peculiar type of accident, as the tube 
is ejected with great force from the shot 
hole upon discharge when proper care is 
not exercised. When this occurs, the tube 
may travel only to the collar of the hole 
and fall out or it may be propelled with 


such force as to travel several hundred feet 


with great velocity (Fig. 8). 

Causes for tube ejection consist prin- 
cipally of the following: (1) placing too 
much burden or work on a single tube, (2) 
attempting to discharge a tube in a hole 
that is on the solid, (3) use of a defective 
tube, (4) failure to “cushion” shots. 

Accidents from flying tubes, while not 
numerous, are exceptionally serious and 
they continue to happen in spite of the 
precautions taken. During the years 1941, 
1942, and 1943, there were 613 com- 
pensable accidents in Pittsburgh Coal Com- 
pany mines, of which six were the result of 
flying Cardox tubes. One of the six was a 
fatality. Four of the accidents occurred in 
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Fic. 9.—PIPE HOLDING DEVICE. 


1941. Company rules and regulations 
governing all shot-firing forbid shoot- 
ing from holes drilled in the solid. The 
rules call for the use of a shot-firing cable of 
sufficient length so that the shot may be 
fired from a safe place—in addition to 
other safeguards. Investigations reveal 
that the tubes are ejected because of 
. failure to heed the precautions. 

In conjunction with the Bureau of 
Mines, an effort was made to find a 
method or device to keep tubes in the 
hole under all conditions at the face. 
After much experimentation, an effective 
device was developed, which if used 
at all times, practically eliminates the 
hazards from ejections. It consists merely 
of a short angled hole in any direction (Fig. 
9) into which is placed a piece of strong pipe 
about 3 ft. long, which blocks the shot hole 
at the collar. Since the installation of this 
scheme, no cases of tubes ejected from any 
hole so protected have been recorded. 
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DISCUSSION 
(H. F. Hebley, presiding) 


H. P. Greenwatp,* Pittsburgh, Pa.—It 
may be well to call attention to the fact that 
the Bureau of Mines’ requirements for the 
shooting of Cardox were changed quite re- 
cently—in fact, within the past two or three 
weeks—to eliminate the old requirement of 
stemming. 


MemBer.—Is it conceivable that CO, could 
be lost through the filler valve? Would it fire? 


H. P. GreENwAtp.—There have been de- 
fective gaskets, but if the leak is not discovered 
at the time of filling it is quite minute and the 
flame would be ejected through a very small 
orifice. I am advised that the question of 
defective gaskets was considered in gallery 
testing and that ignitions were not obtained 
if a permissible size and type of heater was 
used. Nonpermissible heaters did give ignitions. 

The report published by the Royal Com- 
mission of Mines in Great Britain in 1938 
discussed Cardox somewhat favorably. Of 
course, at that time British experience was 
limited, but at least there had not been an 
accident. The report on the White Haven 
colliery disaster a number of years ago dis- 
cussed the possibility of an ejected shell driven 
through a steel tub being the cause of an 
ignition of gas. This may appear far fetched 
but it was cited as the possible cause of a bad 
explosion. 


*U.S, Bureau of Mines, 


| _ in preparation of this paper. 
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Stripping Pitching Beds in Pennsylvania’s Anthracite Region 


By D. C. Hetms,* C. E. Brown{ AND O. W. Suimer,{ Mempers A.I.M.E. 


(New York Meeting, February 1943) 


Tue early history and progress of 
anthracite stripping, from the first known 
operation at Summit Hill in 1821 through 
1917, was covered in 1917 in a paper by 
J. B. Warriner,! then chief engineer, now 
president of the Lehigh Navigation Coal 
Co., and stripping methods between 1917 
and 1931 were the subject of a paper in 1931 
by H. H. Otto,? of the Hudson Coal 
Company. 

The present paper is confined to methods 
used today on pitching beds in the western 
middle and southern anthracite fields. 

The anthracite industry, not unlike other 
large industries, had been affected for more 
than a decade by the adverse economic con- 
ditions of the country. High development 
and operating costs and the competition of 
other fuels caused some collieries to be 
closed temporarily, while others were per- 
manently abandoned. 

In order to obtain a larger tonnage at a 
lower development cost, a larger stripping 
program was put into effect by many 
companies. 

In 1932, stripping operations accounted 
for 314 million tons, or 7 per cent of the 
total anthracite production of the year, and 
in the next 10 years this increased until 
more than double that amount, or over 14 
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per cent of the total production, was from 
stripping operations. These figures repre- 
sent the total production of the entire 
anthracite region; unfortunately, the fig- 
ures have not been separated from the 
different fields. There are some operations 
in the southern and middle western fields 
where the tonnage obtained from stripping 
amounts to more than 30 per cent of the 
total colliery production. 

Stripping operations on pitching beds 
present difficult problems. Owing to the 
various geological formations, a different 
situation is encountered in nearly every 
stripping pit; and because of the proximity 
of an overlying bed, it is very often neces- 
sary to load the entire overburden into 
trucks and haul it out of the pit to the 
dump area, although back filling and cast- 
ing is done whenever possible. Beds in the 
areas described in this paper pitch from 20° 
to 90° and some are on the invert in many 
sharp folds and faults. 


PLANNING 


The more successful strippings have had 
adequate engineering analysis. Sume work 
is being done without much preliminary 
planning, but many strippings would have 
failed completely if close supervision by the 
engineering department had not been 
maintained. 

Locations of stripping areas are deter- 
mined as follows: 

1. By constructing cross sections over 
the areas and drilling sufficient diamond- 
drill or well drill holes to study the strata 
and to determine the location, thickness 
and pitch of the beds. 
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2. By projecting the pitch of the bed ona 
rough cross section from points at which its 
location is known, in areas previously 
mined, to points where it should intersect 
the surface, and starting a stripping shovel 
at one of those points. 

3. By making a cut across an area with a 
dragline or stripping shovel at right angles 
to the strike of the bed formation. 

4. By noting the location of the outcrop 
by examining bootleg operations or test 
pits. 

The first method is by far the best. By 
assembling all data from the cross sections 
and boreholes, the thickness and quality of 
the bed may be noted, also the character 
and amount of overburden, especially the 
thickness and hardness of the rock, and the 
ratio of overburden to coal may be estab- 
lished. The cross sections also show the 
adjacent beds, and a determination is made 
of the amount of overburden that must be 
hauled out or may be side-cast without 
covering up other outcrops. The latter is 
important, as this overburden would later 


have to be removed at a considerable 


expense if it were decided to strip the 


adjacent beds. With this method better 


cost records are kept on the operation by 
running cross sections over the area 
stripped each month, to determine whether 
or not the stripping is being prosecuted to 
the greatest economical depth. 

In the use of the second method, there 
have been times when a stripping shovel 
has been started at the point of the assumed 
intersection of the bed and the surface, only 
to find that the bed was on the inverted dip, 
or the angle of the pitch changed before 
reaching the surface and the bed was 
missed entirely. 

Many strippings have been started by 
the third method, which proved profitable 
to the contractor. At other places, however, 


considerable sums of money have been 


spent in ditching across outcrops and no 


strippable coal has been found. 


Ol 


Profitable strippings have been made by 
the fourth method, but, like the second and 
third methods, it has the disadvantage of 


_ not offering any definite way of determining 


the economical depth of the stripping and 
whether or not that depth is being main- 
tained. Many thousands of tons of coal 
have been recovered from areas that have 
been bootlegged, or are in isolated sections, 
because the contractor has been willing to 
take a chance. It is more or less a hit or miss 
proposition, and the contracts are gener- 
ally on an unclassified basis, little or no 
planning being done in advance. 

Needless to say, the more successful 
contractors insist on working from definite 
plans, so that there may be close coopera- 
tion between the contractor and the 
engineering department. 


DRILLING 


Considerable progress has been made in 
the past few years in drilling and blasting 
of the rock overburden. There is a definite 
trend toward changing from 6-in. to 9-in. 
drill holes for blasting, with either electric 
or Diesel-driven drilling equipment. 

In some strippings where extremely hard 
sandstone and conglomerate are encoun- 
tered, some 4o to 50 ft. thick, the success 
of the operations has been determined by 
the use of larger drills: Because of the 
increased weight of the stem of the o-in. 
drill, it is possible to drill a given depth 
from 30 to 4o per cent faster than with a 


*6-in. drill, which permits the spacing of 


holes farther apart, so that 30 to 4o per cent 
more rock is shattered for the same number 


. or length of holes. 


With the introduction of the g-in. drills, 
most contractors began to deck-load the 
holes; that is, to concentrate the charge of 
powder in the hardest rock, or at the place 
of the greatest resistance, in order to create 
a maximum degree of fragmentation. A 
careful record of each hole is kept as it is 
drilled, so that the location of the hard rock 
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is known and the blasting charges are 
placed accordingly. The blast holes usually 


are charged with 40, or 50 or 60 per cent 


connected to one main line, only one blast- 
ing cap is necessary to explode the entire 
charge. 


Fic. 1.—DECK LOADING IN BLAST HOLES. 


dynamite, depending on the kind and the 
position of the rock. Gelatin dynamite is 
used in wet holes. 

Fig. 1 shows a typical section of the 
strata and the method used in placing the 
blasting charge. In hole No. 1, 150 lb. of 
dynamite is placed near the bottom of the 
hard sandstone A, 100 lb. at B, which is 
also in the hard sandstone, and 50 lb. at C, 
which is medium hard sandstone. In hole 
No. 2, 150 lb. of dynamite is placed at D 
and 75 lb. at £. In strippings covered in 
this paper, from {9 to 8/9 lb. of dynamite 
is used per cubic yard of rock blasted. Fine 
culm, clay, or drill cuttings from the blast 
holes are used for stemming and to separate 
the different charges in each hole. 

In the vicinity of villages, 6000 Ib. of 
dynamite is the usual blasting charge, 
and in isolated areas blasting charges of 
30,000 lb. are not uncommon. 

Primacord is used almost exclusively to 
detonate the charge. As all blast holes are 


EXCAVATING 


The type of stripping equipment em- 
ployed in areas of steep pitching beds 
depends on the degree of pitch and the 
surface conditions encountered. In pits | 
where the bed is on a pitch of 90°, the over- 
burden is comparatively light, consisting of 
clay and gravel, and space for the spoil 
material can be found on either side of the — 
pit within reach of a small dragline. 


+ The coal is loaded with the same dragline, 


which usually is a machine with a 2 to 4- 
cu. yd. bucket and a 60 to 80-ft. boom. 
This is especially true where the thickness 
of the vein allows just enough clearance 
for the passage of the bucket of a small 
machine. The depth to which the coal is 
removed depends on the reach of the drag- 
line, and often just how long the rock side 
walls stand up before they break and slide 
into the pit. ' 
In other pits, where the pitch of the bed 
varies from 55° up to 90°, and hard over- 
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lying rock is encountered, larger draglines, 
with 5 to 9-yd. buckets and booms up to 
200 ft. are used. Generally these are the 
Monighan, or walking type, either Diesel 
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ample clearance for the swing of the 
bucket. 

A great many 2 to 4-yd. draglines 
are in use and still have their place in 


Fic. 2,—POSITION OF DRAGLINE IN NARROW CUT. 


or electrically powered. As the pitch de- 
creases, and it is possible to operate a 
shovel down in the pit, the overburden is 


‘removed with draglines and the coal is 


loaded with power shovels. 
Where the economic limit or depth of the 


stripping has been reached, there is always 
_ acertain amount of coal below the mechani- 


cal limit of the shovel that has been used to 


_ load the coal, which must be recovered with 


a 


a dragline (Fig. 2). The truck or haulage 
road is necessarily on top of the coal and it 
is the coal in the triangle A BC that must be 


‘recovered with a small dragline. This is 


accomplished by starting on the inside end 
of the pit and retreating outward. The 


greater the angle or pitch of the bed, the 
deeper will be the cut in the coal. As 


the pitch increases, the width of the cut, or 


_V, will decrease, making it necessary to 
raise the boom to an angle that will allow 
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the anthracite region in areas where the 
coal is on a heavy pitch. Because of the 
ease of mobility of this comparatively 
small equipment, there are many small 
areas of coal in isolated sections, near the 
top or on the side of steep sloping moun- 
tains, which otherwise could not be re- 
covered economically. 

In strippings where the pitch is not too 
great and most of the overburden must be 
hauled out by trucks, close-coupled power 
shovels are used in loading. The largest 
shovels of this type are equipped with 
6-yd. dippers. Where it is necessary to 
load the trucks at the top of the cut, loading 
must be done with a dragline. 

La Tourneau carryall wagons have also 
been introduced in areas partly covered 
with ash or slate banks, and where the 
wash is thick enough to justify their use. 
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TRANSPORTATION 


Motor-truck haulage is now generally 
used; however, there are a few exceptions, 
where rail haulage is used for transporta- 
tion directly from the stripping pit to the 
refuse dump, cleaning plant or breaker. 
The largest trucks now in service are 
12-cu.-yd. end-dump Euclids, and 9 and 
11-cu.-yd. Stirling and Mack trucks, and 
in one location 21-cu.-yd. Mack trucks 
were recently added. The majority of these 
are equipped with Diesel motors. 

No trailer or semitrailer trucks are used 
in any of the strippings covered in this 
paper, as the narrow pits limit the space 
in which a truck might be turned. The 
trend is to increase the capacity of the 
present type of truck, which is equipped 
with dual rear tires. In line with this idea, 
tire manufacturers are cooperating by 
increasing the durability of the tires. To 
increase the size of the truck body by using 
sideboards, or by other means, without 
giving due consideration to the size and 
construction of the tires leads to increased 
tire expense. 

The use of motor trucks permits more 
efficient and flexible pit operation and 
has led to increased shovel performance. 
With a fleet of trucks in operation the 
trucks may be spotted on either side 
of the shovel; this cuts down the arc of 
the swing in which the shovel must move 
in loading, and also eliminates the time 
that would be necessary for changing and 
spotting trips of railroad cars. Grades up 
to 15 per cent are now used and a great 
deal of the back-switching to attain rail 
grade out of the deep pits has been 
eliminated. Maximum grades on railroads 
in stripping pits where steam locomotives 
are still being used are usually 3 per cent; 
in a few instances, 5 per cent for short 
distances. 

In some cases the coal loaded into trucks 
at the stripping is hauled either to a ramp, 
where it is transferred to railroad cars, or 
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direct to the breaker, but in most instances 
it is hauled to a rough cleaning plant where 
the larger sizes of refuse are removed. 

Not all of the areas are in virgin coal; 
many of the strippings are in areas that 
have been first-mined and caved—or partly 
robbed; others are in areas that have been 
partly mined by bootleggers. Where these 
conditions exist the coal is mixed more-or- 
less with the overlying refuse, and, while 
the use of smaller shovels and draglines 
eliminates much of the refuse in the loading 
operation, it is found more economical and 
efficient to send the coal to a rough-cleaning 


plant, which is as near the stripping as — 
possible. In some areas, coal from two or 


more pits is sent to the same cleaning plant, 


which is as nearly centrally located as 


possible. In these cleaning plants, all of the 
material is passed over a_bull-shaker, 
where the minus 6-in. material is eliminated 
and by-passed directly to the railroad car. 
The plus 6-in. material is passed over a 
picking table, where all large pieces of rock 
and refuse are removed and dropped into 
a rock pocket and later hauled by truck 
to a refuse dump. The material that goes 
over the end of the picking table is passed 
through a set of large rolls before it reaches 
the railroad car. While the bullshaker and 
the picking table are driven by the same 
camshaft, they are so arranged that they 
oscillate counter to one another, and in 
this manner keep the vibration of the 


equipment and structure to a minimum. | 


There are of course some modifications to 
this type of cleaning plant but the type 
described above is in general use. 

Most contractors now use bulldozers and 
motor graders to make truck roads and to 
maintain them in good operating condition, 
and in conjunction with this equipment 
road sprinklers are used to lay the dust 


and to prevent the surface of the roads 


from drying and crumbling into dust under 
usage by the large trucks. 
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Virtually every stripping of any conse-— 


quence between Nesquehoning and Sha- 


Four Foot and Mammoth beds 
Locust Summit, 3 miles southwest of Mt. 
Carmel, in the Mahanoy Basin. It is 600 ft. . 
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mokin, a distance of 40 miles, has been 
visited by the authors. Strippings in which 
different kinds of equipment are utilized 
and those in which occur many of the 
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order to maintain continuity in the removal 
of rock and coal. Points are set for each 
blast hole and for the benches of rock, and 
grade stakes are set, to make certain that 


Fic. 3.—MonITor STRIPPING. 


problems on pitching beds have been 
selected as representative of the conditions 
in general and are hereinafter more fully 
described. 


PHILADELPHIA AND READING COAL AND 
Tron Co. 


Monitor Stripping—A -30 


The Monitor stripping on the Holmes’ 
is at 


wide and 4500 ft. long. The Dick Construc- 
tion Co. has the contract for removing the 
overburden. 


_~ Before work was started, the area was 
-cross-sectioned and the overburden was 


tested with well-drill holes. Estimates of 
quantities were made, to determine the 


depth or limit to which work might be 
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extended. 


Very close inspection is given by the 


engineers to this stripping operation, in 


the truck roads are kept as closely as possi- 
ble on a grade of 8 per cent. Every shot or 
cut is measured as soon as it is cleaned out. 

On the north side of the stripping, the 
bed pitches 55° to the south to a short 
syncline, or roll, and after rising a short 
distance above the local basin, the coal 
continues on a south dip of 22°, Fig. 3 shows 
a general view of this stripping. On the 
extreme upper right can be seen the pitch of 
the bottom rock, above which the Mam- 
moth bed has been removed. The bed on 
the left side of the picture is on a pitch of © 
22°, The coal from three separate beds is 
being recovered in this stripping pit, which 


takes in an area 600 ft. wide and 1400 ft. 


long. 

It is customary for the Philadelphia and 
Reading Coal and Iron Co. to construct 
cross sections over the entire distance of 
what might be considered as strippable 
areas, and then confine a contract to a 
given distance or area until it is satisfied 
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that all the economically strippable coal has 
been recovered in that area. 

The overburden consists of 6 ft. of clay 
and gravel and 8 ft. of soft sandstone over 


Fic. 4.—MONITOR STRIPPING. 


the first, or Holmes, bed, which averages 
6 ft. in thickness. Five feet of slate separates 
the Holmes from the Four Foot bed. 

The Mammoth bed, which lies 20 to 
50 ft. below the Four Foot bed, is 30 ft. 
thick, the rock interval is very hard sand- 
stone and conglomerate. A roll extends east 
and west across the whole area. 

Two No. 170 Bucyrus-Erie electric 
shovels, each equipped with a 4o-ft. boom 
and a 6-cu.-yd. dipper, are used to load 
the rock in the area over the Mammoth 
bed. These shovels are the extra heavy-duty 
type, similar to those used on the Iron 
Ranges, and are the only 6-cu.-yd. shovels 
of this type in the anthracite region. The 
shovels are operated three 7-hr. shifts, 
or 21 hr. a day, five days a week and each 
loads an average of 115,000 cu. yd. of 
rock per month. On a test run one of these 
shovels loaded twelve hundred 12-ton 
trucks in 21 hours. 

An additional No. 120-B Bucyrus-Erie 
electric power shovel, with a 38-ft. boom 


and a s-yd. dipper, is used to load the 
overburden that lies over the Holmes bed. 
This shovel, working on the same basis 
as the other two, loads an average of 
80,000 cu. yd. per month, or a combined 
three-shovel monthly output of 310,000 
cu. yards, 

Forty 10 and 12-cu.-yd. Diesel-driven 
Euclid rear-dump trucks haul the rock 
3500 ft. to an abandoned stripping pit 
that is being filled in; two 21-cu.-yd. 
Mack trucks were added to the fleet in 
August 1942. The trucks are end dumpers 
with 10 wheels, with two pairs of dual 
wheels in tandem at the rear of the truck. 
These trucks are powered with 150-hp. 


Cummins Diesel motors, equipped with . 


“Wood” hoists, and are chain driven; 
they have 14 by 24-in. 20-ply tires. 

The coal in this stripping is loaded with 
company-owned equipment, which consists 
of one No. 50-B and one No. 44-B Bucyrus- 
Erie electric shovels, each equipped with 
24-ft. booms and 2-cu.-yd. dippers, and one 
Bucyrus-Erie electric dragline with a 
55-ft. boom and a 2-yd. bucket. The coal 
is hauled by truck to a ramp on the south- 
east edge of the stripping, where it is 
transferred to standard-gauge railroad 
cars. This stripping produces an average 
of 35,000 tons of coal per month. 

Fourteen Bucyrus-Armstrong No. 42-T 
g-in. well drills are used to drill the rock- 
blasting holes, and the rock is taken off in 
benches up to 30 ft. in thickness. The holes 


_are drilled in r15-ft. rows spaced 18 ft. 
apart and usually are deck-loaded with’ 


40 per cent ammonia dynamite—except 
for wet holes, when gelatin dynamite is 
used. Fig. 4 shows nine of 14 No. 42 
T-Bucyrus Armstrong g9-in. blast-hole 
drills. 

Five thousand to 6000 Ib. of dynamite is 
used in each round of shots. All drill holes 
are connected and detonated with Prima- 
cord. The sandstone in this stripping is 
extremely hard and while it cuts a little 
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more easily in the drilling than the con- 

glomerate, it is much harder to shatter. 
The following data have been compiled 

from records kept on the shots fired and 

measured from Oct. 6, 1940 to July 30, 

1942: 

Average feet drilled, per drill, onashift of 7hr. 27 


Cubic yards, per foot of hole drilled......... 7.6 
Cubic yards drilled per drill shift............ 


In addition to the well drills, a tractor-: 


mounted electric wagon drill is used in 
some locations on top of the roll, where it 
would be more difficult to set up standard 
well drills. 

Auxiliary equipment consists of three 
D-8 caterpillar bulldozers, one 1ooo-gal. 
road sprinkler, one caterpillar Diesel No. 12 
six-wheel road machine, one 8oo-gal. 
water tank truck to furnish water for the 
drills, and one oil truck. 

A Bucyrus-Armstrong drill sharpener is 
part of the equipment in the well-equipped 
repair shop that the contractor maintains 
on the property. Major repairs to the 
equipment are made here, and steel bodies 
for the dump trucks are turned out in these 
shops. A Johnston furnace, to which is 
connected a Bristol pyrometer, is used for 
heat-treating the drills after they have 
been sharpened. 


Ellangowan Stripping 


This stripping is in the Ellangowan 
Basin 5 miles northwest of Mahanoy City 
and covers an area 500 ft. wide and 2200 ft. 
long on the Mammoth bed. The work is 


being done by Carey, Baxter and Kennedy, 


Contractors. 
Before work was started, cross sections 


at 100-ft. intervals were constructed across 
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- the area and sufficient drilling was done to 
‘test the overburden. A general view of this 


stripping looking west is shown on Fig. 5. 
The pitch of the bottom slate might be 
noted on the right side of the cut, while the 
spoil bank which was side-cast with the 
dragline is seen on the left side. 


97 


On the right or north side of the strip- 
ping, the bed is solid and pitches south on 
an angle of 40° to about the center of the 
area, from whence it.continues on a south 
dip of 20° and is over a pillar area that has 
caved. There is very little refuse in the coal 
bed structure, which is from 20 to 30 ft. 
thick. 

There are approximately 2,000,000 cu. 
yd. of unclassified overburden in this 
stripping area, and 1,600,000 cu. yd. of 
refuse bank material—that is, breaker 
slate and ashes—which covers the north 
side or heavy pitch section. The overburden 
consists of 15 ft. of clay and an average of 
50 ft. of very hard sandstone, which is 
interspersed with layers of shale. In some 
places conglomerate is encountered. 

Three 33-cu. yd. La Tourneau Carryall 
Wagons, hauled by D-8 caterpillar tractors, 
are used to remove the bank material and 
some of the clay surface. Fig. 6 shows one 
of these Carryalls, with a maximum load. 
The D-8 caterpillar tractor in the rear is 
used as a pusher and is used only during the 
loading operation, and as soon as the loaded 
Carryall is moved out of the soft material 
the tractor used as a pusher returns to 
position ready to assist with the loading 
of the next Carryall. Two D-8 tractors are 
used for this purpose. The material is 
hauled a distance of 1200 ft. to a dump 
area. The three Carryalls are operated 
three 7-hr. shifts, or 21 hr. per day, and 
remove an average of 150,000 cu. yd. per 
month. 

A No. to-W Bucyrus-Monighan Diesel 
dragline, equipped with a 175-ft. boom and 
a o-yd. bucket, is used on rock; this is 
changed to a 12-yd. bucket when the drag- 
line is working on shale or softer material 
—most of which can be side-cast. This 
dragline handles from 90,000 to 210,000 
cu. yd. of material per month, depending 
on the class of material removed. 

The coal is loaded with a No. 43-B 
Bucyrus-Erie Diesel shovel, with a 24-ft. 
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boom and a 2-yd. dipper. Ten-ton Mack 
trucks, used to haul the coal, ascend out 
of the stripping cut on a maximum grade 
of rr per cent and deliver the coal to a 


Fics. 5 AND 


precleaning plant 1} miles distant. An 
average of 20,000 tons of coal per month 
is produced from this stripping. 

Rock holes are drilled in 15 to 18-ft. 
rows 15 ft. apart, depending on the char- 


6.—ELLANGOWAN STRIPPING. 


acter and depth of the overburden. These 
holes, which are staggered, are drilled with 
No. 42-T Bucyrus-Armstrong 9-in. well 
drills mounted on tractors. 


Blasting is done with 0.6 to 0.7 lb. of 
40 to 60 per cent ammonia dynamite or 
gelatin per cubic yard of rock. As a rule 
the holes are deck-loaded and Primacord 
is used for detonation. 
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Reevesdale Strippings 


The Reevesdale strippings are on the 
south slope of Locust Mountain and on the 
north slope of Sharp Mountain. They 
extend along these mountains on both 
sides of Schuylkill Valley for a distance of 
3 miles. 

The work is being done by the Correale 
Construction Co. on an unclassified basis. 

Three separate strippings are in oper- 
ation at the present: time, one being on 
the Mammoth bed on the Locust Mountain 
slope, another on the Orchard bed also 
on the Locust Mountain slope while the 
third is on the Primrose bed on the Sharp 
Mountain slope. 

The Mammoth bed at this location is 
on the south dip and pitches 35° to 37°, 
and is from 12 to 15 ft. thick. With the 
exception of the chain pillar, this bed has 
been first mined and caved. 

On the first cut, 18 ft. of clay and gravel 
overburden are removed, and on the second 
cut more wash and from 12 to 20 ft. of 
hard sandstone is blasted and removed. 

Blast holes are spaced in 12-ft. rows 


12 ft. apart; these are drilled with Bucyrus- 


Armstrong 6-in. gasoline-driven drills and 


the holes are charged with 40 per cent 


ammonia dynamite. All holes are con- 
nected with continuous Primacord, which 
is used for detonation. 

- The overburden is side-cast with a 6-W 
Bucyrus Monighan electric dragline that 
has a 175-ft. boom and an 8-yd. bucket. 
An average of 90,000 cu. yd. of material 


‘per month is moved by this machine, 


which is worked three 7-hr. shifts, or 21 hr. 


"per day. 


wes ae 


The coal is loaded into 11-cu.-yd. 
Sterling end-dump trucks with a 2-cu.-yd. 


~ Osgood Diesel-powered shovel and hauled 
to a cleaning plant 114 miles distant. 


Stripping on the Orchard bed was 
started at a central point on the outcrop 


with one dragline and as soon as the pit 


was opened sufficiently a second dragline 
was added; all overburden was side-cast. 


The south wall of the stripping is on 90° 
dip while the north wall is on a south dip 
of 50°. Fig. 7 shows this pit looking west 
from the eastern end. After removing 30 to 


r 
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Fic. 7.—REEVESDALE STRIPPING. 
4o ft. of clay, the coal bed was exposed 
and measured 65 ft. across. There is very 
little refuse in the bed and the coal is a 
very good quality. One hundred feet 
below the surface the bed narrowed down 
to 20 ft. thick. 

One No. 4161 Marion electric dragline 
with a t00-ft. boom and a 414-yd. bucket, 
and one No. 4101 Marion electric dragline 
with a 75-ft. boom, and a 3-yd. bucket are 
used on this job. These draglines are also 
used to load the coal into 11-yd. Sterling 
trucks, and it is hauled one mile to the 
cleaning plant. As this stripping was in 
operation only a comparatively short time 
no statistics on the performance of the 
equipment was available. 

The third pit that is part of the Reeves- 
dale operation is on the north slope of 
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Sharp Mountain on the outcrop of the 
Primrose bed. The bed pitches from 60° 
to 9a° north, and is from 30 to 8o ft. thick; 
in some places it is divided by rock intru- 
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allow the bucket to pass the side walls as 
it swings around in the loading cycle. 

The Reevesdale strippings produce an 
average of 50,000 tons of coal per month. 


a 


Fic. 8.—CENTRAL CLEANING PLANT, REEVESDALE STRIPPING. 


sions and faults. The outcrop is covered 
with 4 to 15 ft. of clay and gravel; on the 
first cut this is cast on the upper or south 
side of the pit; on the second cut, in addi- 
tion to the wash, 36 ft. of sandstone and 
slate are removed; this is cast to the north 
side of the pit with a 5-W Bucyrus- 
Monighan Diesel dragline. This dragline 
has a r10-ft. boom and a 6-cu.-yd. bucket, 
and moves 60,000 to 70,000 cu. yd. of 
material per month. The rock is drilled 
with Bucyrus-Armstrong 9g-in. Diesel well 
drills, the holes being spaced in 18-ft. 
rows 18 ft. apart and charged with 4o to 
60 per cent ammonia dynamite. The 
Marion 39-A Diesel dragline is used to 
load the coal. This machine has a 75-ft. 
boom and a 134-yd. bucket; it recovers the 
stripped coal to a depth of 80 ft. below its 
base. 

In this stripping work, as the loading 
of one truck is about completed another 
backs in beside it, so that there is little 
or no time lost with the dragline. There is 
just enough room in the Primrose pit to 


This is all transported in trucks to a 
central cleaning plant (Fig. 8) where all 
the large-size refuse is removed and the 
plus 6-in. coal is broken down so that the 
maximum size will not be greater than 6 in. 
After passing through the cleaning plant, 
the coal passes to a 42-in. belt conveyor, 
which carries it across the state highway 
to the railroad cars, a distance of 500 ft. 
It is then transported to the St. Nicholas 
breaker for preparation. Adequate equip- 
ment is provided for the proper mainte- 
nance of good roads around the strippings, 
and a well-equipped repair shop is main- 
tained on the property. 


LruicH NAVIGATION CoAL CoMPANY 
Summit Hill Stripping 


The largest stripping operation in the 
anthracite field is that of the Lehigh 
Navigation Coal Co., Inc., at Summit Hill, 


Carbon County. This stripping has been 


in continuous operation since 1928. At the 
present time, it takes in an area 1200 ft. 
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wide by 4000 ft. long and has a maximum 
depth of 4oo ft.; it is on the Mammoth 
bed in the Summit Hill Basin. Fig. 9 shows 
a cross section through the Summit Hill 
Mammoth bed stripping 400 ft. east of 
the present working face. The dotted line 
through the section shows the elevation 
of the top of the coal as originally in place. 
The basin pitches about 15° to the east; the 
greatest depth at which coal is now recov- 
ered is 400 ft. below the original surface. 
To date 20,000,000 cu. yd. of overburden 
and coal-bed material have been removed, 


‘including 5,000,000 tons of coal that have 


been recovered from this operation to date. 

The normal thickness of the south dip 
of the Mammoth bed is 55 ft. but on the 
north dip, owing to folds and other irregu- 
larities, it is 120 ft. thick in some places. 
A large part of the area of this stripping 
has been first-mined and, because of the 
development necessary for underground 
mining, connecting cross tunnels were 
driven, and these tunnels together with the 
old first mining provide good drainage 
for the stripping. 

A mine fire that started 83 years ago in 
the Summit Hill Basin is still smouldering 
in some small isolated parts of the stripping. 

Seven 6-in. Loomis-Clipper and Cyclone 
churn drills, driven by electricity and 
gasoline, are now used to drill the blasting 
holes although there have been times when 
15 drills were required. The drill holes 
average 4o ft. in depth and are drilled 
in 1214-ft. rows 1214 ft. apart, staggered. 
As many as 40 or 50 holes are fired at one 
time and deck-loaded with 40 or 60 per cent 
gelatin. The quantity of explosive used 
averages 0.65 Ib. per cu. yd. of rock 
blasted. In hot areas, where the tempera- 
ture of the rock ranges from 110° to 180°F., 
water often is used to cool the holes before 


‘the blasting charges are placed. In holes 


of abnormally high temperatures, 40 per 
cent gelatin wrapped with an asbestos 
covering is used. 


NORTH DIP STRIPPING 


SOUTH DIP STRIPPING 


IOL 


Fic. 9.—SummMit HILL STRIPPING. 
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North-dip Section.—In the north-dip sec- 
tion the bed pitches from 20° to 90°. The 
greater part of the overburden has been 
removed. In Fig. 10 are shown the different 
grades on which the steam locomotives are 
operated in order to haul the coal out of 
this section. 

One 120-B Bucyrus-Erie shovel with a 
30-ft. boom and a 4-yd. dipper, and one 
No. 4161 Marion dragline with a 11o-ft. 
boom and a 4-yd. bucket, both machines 
electrically driven, are used to load the rock 
and coal. The equipment used depends 
on the location of the material to be loaded. 
Coal or rock above the elevation of the 
railroad track is loaded with the shovel, 
while the material below the level of the 
railroad is loaded with the dragline. At the 
time of this survey the dragline was 30 ft. 
below the level of the railroad track and 
was excavating to a depth of 70 ft. below 
its base, making it possible to recover coal 
too ft. below the lowest track elevation 
(Fig. 11). Usually the coal is loaded into 
standard-gauge railroad hopper cars, except 
coal from burned areas, which is partly 
mixed with rock; this is loaded into 30- 
cu.-yd. side dumpers and sent to the clean- 
ing plant. Rock is transported to the rock 
dump in 30-cu.-yd. side-dump cars made 
up in two-car trips, hauled by 50 and 60-ton 
Heisler geared steam locomotives. The 
branch at the top of the stripping pit is 
reached by back-switching to attain proper 
grade and the haul is approximately 2 miles. 

A common track grade of 3 per cent is 
maintained as nearly as possible, although 
it is necessary to use up to 5 per cent grade 
for short distances. The coal cars are 
assembled at the top of the stripping in 
trains of 20 cars and transported to the 
breaker, 2 miles distant, with standard 
side-rod locomotives. 

The rock cars are switched out to the 
rock dump, which carries an ascending 
grade of 2 per cent. A rock-spreader car is 
used to shift the rock away from the track 
and when a sufficient berm has been 
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established the track is moved to the edge 
of the bank with a Nordberg track shifter. 

South-dip Section—In the south-dip 
section of the Summit Hill stripping one 
120-B Bucyrus-Erie electric power shovel, 
with a 30-ft. boom and a 4-yd. dipper, is 
used to load the overburden, and one 
No. 43-B Bucyrus-Erie electric shovel, 
with a 24-ft. boom and a 2-yd. dipper, is 
used to load the coal. Coal and overburden 
are both hauled in 8 and 1o-cu.-yd. end- 
dump Mack trucks powered by Cummins 
Diesel motors. The coal is hauled to a 
ramp at the rim of the stripping, where it is 
transferred to standard railroad cars. The 
overburden is hauled out of the stripping 
to a spoil dump, although back filling is 
done whenever possible. 

An average of 106,000 cu. yd. of material 
per month, including 52,000 tons of 
coal, is excavated from the Summit Hill 
strippings. 

Machine shops to repair the equipment, 
including the steam locomotives, are 
maintained at the stripping. 


Coaldale Stripping 


The work on the Coaldale stripping is 
being done by the Central Pennsylvania 
Quarry and Stripping Co. This stripping, 
on the south dip of the Mammoth bed in 
the Panther Creek Valley, is one of a series 
of stripping operations on this bed that 
have made an almost continuous cut along 
the mountain for a distance of approxi- 
mately 344 miles. 

The average pitch of the bed is 50° south 
and the coal is 4o ft. thick. A typical cross 
section of the coal measures in the Panther 
Creek valley is shown ‘in Fig. 12. The 
proximity of the four lowest workable beds 
is shown in this cross section. 

The wash is 12 ft. thick and, as none 
of the material could be cast on the high 
or north side of the pit because of the slope, 
it was necessary to haul all of the crop 
overburden in the first cut in motor trucks 
before the chain pillar could be removed. 


a OS ee GS EE A 


en eS a ee 


D. C. HELMS, C. E. BROWN AND 0. W. SHIMER 


About 38 ft. of shale and sandstone, in 
addition to the wash, is being removed 
in the second cut. Most of this can be side- 
cast, as the next bed (Holmes) farther down 
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these 50 holes contains about 10 000 Ib. of 
40 per cent ammonia dynamite, or 0.60 Ib. 
of explosives per cubic yard of rock 
blasted. 


Fics. 10 AND 11.—SUMMIT fae STRIPPING. 


the mountainside had been stripped before 
the stripping on the Mammoth bed was 
started. 

Usually, fifty 6-in. rock-blast holes, 
which on the second cut average so ft. 
in depth, are charged at one time. The 
holes are drilled in 15-ft. rows 15 ft. apart 
and are deck-loaded. The total charge in 


A Marion No. 125 electric dragline with 
a 100-ft. boom and a 3-yd. bucket is used 
to remove the overburden. One Marion 
No. 371 electric shovel having a 24-ft. 
boom and a 134-cu.-yd. dipper is used to 
load the coal into trucks, which haul it 
one mile to the Coaldale breaker, to be 
prepared for market. 
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The dragline moves 600 cu. yd. of over- 
burden per 7-hr. shift, while the No. 371 
shovel loads 800 tons of coal during the 
same period. 


COLLIERY 
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50 per cent gelatin. In one charge the holes 
averaged 57 ft. in depth and 31,000 |b. 
of explosive were used in 42 holes; or 
o.7 lb. of explosive per cubic yard of rock 
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Fic. 12.—SECTION OF COAL MEASURES, PANTHER CREEK VALLEY. 


St. CratrR Coat CoMPANY 


This company is operating two sepa- 
rate strippings on the south dip of the 
Mammoth bed about 114 miles east of 
the town of St. Clair. The work is 
being done by J. Robert Bazely, Inc., 
Contractors, on a classified yardage 
contract. 


Pine Forest Stripping No. 50 


In the first stripping, known as Pine 
Forest No. 50, the average pitch of the bed 
is 20°, and the bed is from 24 to 30 ft. 
thick. The overburden consists of 6 to 
8 ft. of clay and gravel and from 50 to 
70 ft. of shale and sandstone. 

Blast drill holes are drilled with 6-in. 
Loomis electric well drills mounted on 
tractors. The holes are spaced in 16-ft. 
rows 16 ft. apart and are charged with 


blasted. The holes were filled to within 
15 ft. of the top and were stemmed with 
clay. This blast was detonated with 
Primacord. 

The rock is loaded by a No. 52-B 
Bucyrus-Erie Diesel shovel with a 24-ft. 
boom and 2})4-yd. dipper. Nine-yard 
Euclids and 11-yd. Mack trucks haul the 
rock to a dump tooo ft. from the pit. 


Some back filling was done where that was. 


possible. 

Owing to the confined area of the pit it 
was possible to ramp only part way down 
into the pit, to a point just above the coal. 
This made it necessary to load the coal 
with a dragline—a No. 52-B Bucyrus-Erie 
with a 65-ft. boom and a 2}4-cu.-yd. 
bucket. The 9-cu.-yd. Euclid end-dump 


‘trucks that are used to haul the coal 


lg mile to a coal pocket are equipped with 
Diesel motors. The coal is transferred at 
the pocket to narrow-gauge cars and hauled 
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by steam locomotives 4000 ft. to the 
breaker. 

The stripping is worked on two 7-hr. 
shifts per day. The shovel averages 130 
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Fics. 13 AND 14.—PINE Forest strippinc No. 55. 


and covers an area 300 ft. wide and 2200 ft. 
long. The minimum pitch in this stripping is 
30°; the maximum, 50°, on the eastern end. 
The coal along the outcrop was stripped a 


Fig. 13, north side; Fig. 14, south side. 


cu. yd. per hour on rock and the dragline 


60 cu. yd. per hour on coal. 


Pine Forest Stripping No. 55 


The Pine Forest No. 55 stripping is 
on the south dip of the Mammoth bed 


number of years ago and the present strip- 
ping is a continuation, or extension, of the 
old stripping, over an area that was first- 
mined and affected by a squeeze. The 
original height of the bed was from 24 to 
26 ft. but owing to the squeeze it was 
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crushed down to 12 ft. This bed contains 
few or no impurities. The overburden is 
from 20 to 70 ft. thick, of which 18 ft. 
is clay and gravel and the remainder is 
shale and sandstone. One of the unusual 
features of this stripping is that when the 
squeeze affected this area the sandstone was 
broken up sufficiently to make blasting 
of the rock unnecessary. 

A 9-W Bucyrus Monighan electric drag- 
line is used to remove the overburden. 
It has a 200-ft. boom and an 8-yd. bucket; 
it is one of the largest units of stripping 
equipment in the southern field. The 
motor-generator set on this machine con- 
sists of a 2200-volt a.c., 400 kva., 450-hp. 
motor, which drives three generators on 
- the same line shaft. The generator for the 
hoist motor is a 900 amp., 225 kw., 250-volt 
machine, and the generator for the swing 
motor is 270 amp., 135 kw., 250 volts. 
Another small 125-volt generator provides 
power to drive the air compressor and 
light the machine. The dragline is operated 
three shifts of 7 hr. each, or 21 hr. per day 
and moves an average of 256 cu. yd. per 
hour. 

Because of the long length of the boom, 
it was possible not only to cast much of the 
material on the first cut on the north side 
over into an old stripping pit, but also to 
pile the spoil on the upper slope of the 
mountain after the old stripping pit was 
filled (Fig. 13). 

After the. cut was completed on the 
north side the dragline was moved over to 
the south side and the wash was removed, 
the cut being 125 ft. wide. The material 
was cast as far as possible (see right side 
of Fig. 14) and in this manner space was 
left for the rock in the same cut that was 
excavated later. 

The 7-yd. trucks used to haul the coal to 
the pocket, 4000 ft. distant, are loaded with 
a No. 77 Lorain six-cylinder Diesel shovel 
with a 22-ft. boom and 1}4-cu.-yd. dipper. 

The trucks ramp down into the bottom 
of the pit; by using this small shovel it is 
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possible to avoid loading most of the broken 
rock that caved into the breast openings 
and sometimes is mixed with the coal. 

The contractor maintains a well-equipped 
repair shop on the property for making 
minor repairs. Drills are sharpened and the 
major repairs are made at the contractors’ 
general repair shop at Port Carbon, 4 miles 
from the stripping. 

Auxiliary equipment consists of two 


bulldozers, one road patrol, one gasoline 


truck, one water truck, two air compressors 
for small rock drills, and six well drills. 
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DISCUSSION 


CHARLES ENZzIAN,* Hazelton, Pa.—The 
authors of this paper are to be complimented 
on the manner in which they bring up to date 
an important yet simple, efficient, and econom- 
ical method of mining anthracite. J. B. War- 


* Consulting Mining Engineer. 


et Ney Se atin Prt en Bi ns 2 tS 


oe 


Prepac Ch Ne ENE LOE ae ka ORL ET Met tee ante = 4 nna 8 ne ee 


Asi) pital 


DISCUSSION 


riner and H. H. Otto covered the subject up 
to about 1931, but the vast changes in oper- 
ating methods, which required larger capacity 
and more efficient equipment, and the im- 
proved methods in transportation of the waste 
material and coal, have made the present time 
a most opportune marking off of the stages of 
progress. 

Very few engineers now living have had the 
opportunity to study the methods of stripping 
anthracite overburden from the pick-and- 
shovel and wheelbarrow or dump-cart stage 
to the present large-capacity shovel and 
dragline excavators, and the truck, or euclid, 
or turneau self-loading and tractor hauling 
equipment now almost exclusively used in the 
Wyoming, or northern field, and to a large 
extent in the eastern and western middle 
field, and to a lesser extent in the southern 
field, of the anthracite region. 

It is regrettable that the authors did not 
find it practicable to discuss in appropriate 
detail the cost information of the several 
projects; after all, these data are the real 
measure of success in this method of mining. 
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It is apparent to all engineers that the cost of 
stripping the hard, crystalline, massive dark 
gray sandstone overburden of the Buck Moun- 
tain, or red-ash bed is considerably higher than 
the cost of removing the sandy shale and 
medium hard; laminated sandstone overburden 
of the Top Split Mammoth or overlying beds; 

During the past 20 years the writer has had 
occasion to study intensively the methods and 
analyze the costs of stripping operations in 
the strata overlying all of the anthracite beds. 
The costs adjusted to the present wage scale 
would indicate that large-scale efficient opera- 
tions in reasonable thickness of coal—say 
5 to to ft. and an overburden ratio of about 
6 to 1—would vary from about $2.50 per ton 
of coal recovered from solid formation, and a 
cost of about $3.25 per ton of coal recovered in 
first-mined areas. 

The stripping cost of the lower or harder 
sandstone formation overburden would be 
appreciably higher, depending upon such im- 
portant factors as casting space, thickness of 
coal and formation conditions, and the char- 
acter and hardness of the overburden removed, 


Use of Tubing and-Blowers for Auxiliary Face Ventilation 


By Raymonp Mancua,* MemBer A.I.M.E. 


(New York Meeting, Febuary 1944) 


THE use of blower fans and tubing for 
auxiliary face ventilation is a somewhat 
controversial subject. Most authorities 
agree upon the advantages of this system 
over the maintenance of line brattice for 
dead-end ventilation. They also recognize 
the system’s disadvantages. However, there 
is considerable disagreement as to the 
proper relation of the advantages to the 
disadvantages. 

It is the purpose of this report to present 
the opinions of four authorities of diver- 
sified occupation and permit the reader to 
form his own opinions on the subject. 


OBSERVERS 


Carel Robinson is a mining engineer 
consultant of wide repute, who has a back- 
ground of operating experience. 

Thomas G. Fear is a mine operator 
whose present position is that of chief 
engineer for the Hanna Coal Co, at St. 
Clairsville, Ohio. 

E. H. Denny is chief of the Coal Mine 
Inspection Division of the U. S. Bureau 
of Mines, and is a very able engineer whose 
past experience well qualifies him to 
appraise this problem, 

Cloyd M, Smith, editor of the periodical 
Mechanization, is a ventilation consultant. 
For a number of years he was a member of 
the Mining Department of the University 
of Illinois and has studied mine ventilation 
for many years, 

Report of Ventilation Committee, Coal 
Division A.I.M.E. Manuscript received at the 
office of the Institute May 26, 1944. 

*Chairman Ventilation Committee, Coal 
Division A.I.M.E.; Manager, Mine Ventilation 


Department, Jeffrey Manufacturing Co., Co- 
lumbus, Ohio, 


OPINIONS 


It is Mr. Robinson’s opinion that closely 
spaced breakthroughs, although conducive 


TABLE 1.—Figures from Federal Reports 


Num- are 
Fed- ber of sing 
eral In- Aux- N hes 
In- spec- iliary re 
spec- State tion Fans diary 
tion Re- ea 
Dis- ports ticad 
trict Stud- |Num-| Per 
ied ber | Cent 
A Western Penn- 
sylvania, 
io, 
Northern W. 381 AF.) 2az3 252 
Virginia, 
Maryland 
B Eastern Penn- 
sylvania 27 18 | 66.7 258 
Anthracite 
Cc Southern W. 
Virginia, 
Virginia, 107 35 117.8 156 
Eastern 
Kentucky 
D Tennessee, 
North Carolina, 47 14 | 290.8 59 
Alabama 
E Indiana, 
Western Ken- 178 30 | 16.9 230 
tucky, 
Illinois 
F Michigan, 9 3 || 33a0 
North Dakota : 
G Arkansas, II 36. 18 
Oklahoma ‘ ‘ 
H SV ribousn 
tah, 50 26 | 52.0 20 
Washington, ty 
Wyoming 
Total. . 900 177 | 19.7] 1,184 


to low gas accumulation past the last open 
crosscut during the driving of entries, are 
difficult to maintain and are constant 
sources of fugitive air. Jute or canvas 
brattice is suitable for entry driving with 
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closely spaced breakthroughs, but blowers 
and tubing are required with break- 
throughs on long centers, 

Mr. Robinson points out that dust 
hazard is aggravated by mechanized min- 
ing, but usually can be controlled in 
adequately ventilated gassy mines with 
line brattice. In nongassy mines, however, 
blowers and tubing prove most effective 
for rapid removal of dust and smoke. 

Mr. Robinson maintains that prejudice 
against blowers and tubing caused by im- 
proper use should not justify blanket 
condemnation of those properly installed 
and maintained, 

On the other hand, Mr, Fear contends 
that blowers and tubing should be out- 
lawed because of recirculation, interrupted 
operation, a feeling of false security and 
their past record of operation, 

Mr. Denny refers to goo Federal In- 
spection reports and 366 Bureau of Mines 
disaster reports, citing the low percentage 
of blowers with permissible electrical 
equipment, also the prevalence of inter- 
mittent blower operation, and the high 
percentage of installations that constitute 
definite fire hazard (Table 1). 

Five of the 1184 auxiliary fans in use 
were operated by compressed air and the 
remainder by electricity. 

Only 40 of the 1184 auxiliary fans had a 
type of motor and control rated by the 
Bureau of Mines as permissible. This 
permissible rating means that such motor 
and control if properly maintained would 
not ignite gas if inadvertently operated in 
an explosive mixture of methane and air. 
Over 95 per cent of all the auxiliary fans 
reported in use had nonpermissible motors 
and controls, and constitute potentially 
dangerous sources of ignition if operated 
in explosive mixtures. 

Of the 1184 fans, 232 were reported as 
operated continuously, and 936 intermit- 
tently, The facts as to continuous or 
intermittent operation could not be deter- 
mined for the remaining 16 fans. 
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“Intermittent operation” usually means 
operation only during the time the regular 
shift is working and cessation of fan opera- 
tion during the off shift. The term also 
includes operation only when work is 
going on at the particular face ventilated 
by means of the fan and tubing. 

Also, all auxiliary fans, whether listed 


_as being operated continuously or inter- 


mittently, are subject to stoppage because 
of local or general mine power interrup- 
tions. In some cases the normal ventila- 
tion of the working faces by crosscuts and 
brattices is considered adequate by the 
mine managements and the fans and tub- 
ing are used intermittently for the more 
rapid dispersal of the smoke and gases 
developed by blasting. 


TABLE 2,—Gas Ignitions Causing Fatal or 
Serious Injuries during the Fiscal Year 1943 


- Mines 
Num- = 
ber of Using Men Men- 
pe Explo-|-4%* | Kitled | ;1%- 
Sous iliary jured 
Fans 
Mabamia ype ter 3 (0) 12 8 
Arkansas =) e540 4 2 5 9 
Colorado. cere. I I 3 ) 
I iriois) oye seeeb ews 2 to) I 7 
Kentucky. oo coy. . 6 2 10 15 
Montana. o.y2scs.% ya Co) 74 Co) 
Oh Getta Were iess 3 I 7 I 
Oklahoniac i 2.4% P) 2 7 ae) 
Pennsylvania..... 3 I I is 
Tennessee. wc: .. I I Io 2 
Wargintann. Serer I to) Co) 4 
West Virginia..... 3 fo) 21 2 
ae eee 30 10 I51 43 


« Booster fans used. 


Mr. Denny emphasizes the number of 
cases of air recirculation caused by im- 
proper location of: blower. He protests 
against improper tubing installation, per- 
mitting constrictions and leakage, as well 
as instances of blower use without tubing 
or with tubing terminating too far from 
the face. Such factors account for the 
amount of poor face ventilation referred to 
in the inspection reports. 

Mr. Denny states that whereas proper 
company rules regulating the installation 
and maintenance of blowers and tubing 
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could prevent recirculation, evidence indi- 
cates that such regulation is lacking or is 
unobserved, 

Mr, Denny points out that in 52 in- 


stances of gas ignition and mine explosion ~ 


resulting in injury or loss of life, misuse of 
blowers and tubing contributed to gas 
accumulation and ignition, and the use of 
the equipment was accompanied by in- 
adequate face ventilation, bad air courses, 
inadequate air at the main fan, or other 
ventilation short cuts to speed production 
or cut costs, Mr, Denny cites ten examples 
of disaster in which blowers and tubing are 
claimed to have played a contributing 
part (Table 2). 

Since the percentage of inspected mines 
using blowers (19.7) is less than the per- 
centage of blown-up mines using blowers 
(3314) Mr. Denny concludes that the use 
of blowers and tubing may present an 
increased hazard, 

Mr. Denny next quotes the Bureau’s 
1927 recommendations regarding the use 
of blowers, which relegate their use to 
emergency work such as driving a cross 
heading in rock to make connection with 
distant workings and where distances are 
excessive for line brattice, and he proceeds 
to stipulate proper methods of installation 
and operation, Mr, Denny also refers to 
the paper by Greenwald and Howarth,* 
which outlines proper installation _pre- 
cautions for blowers and tubing. 

Mr. Denny concludes that the fire 
hazards due principally to the manner of 
installation or use of blowers and tubing, 
plus the examples of explosions and 
ignition cited where use of these fans is 
said to have played a contributing part, 
justifies disapproval by the Bureau of the 
use of such equipment, 

Mr. Smith first differentiates between 
primary and auxiliary types of ventilation, 


*H. P. Greenwald and H. C. Howarth: 
Recirculation of Air and Mine Gas Caused by 
Auxiliary Fans as Used in Coal Mines TORS; 
A.I.M.E, (1928) 76, 164. 
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explaining the greater dependence upon 
auxiliary ventilation in metal mines than 
in coal mines, which he explains to be the 
result of better ventilation in the latter 
than in the former. 

He recognizes the necessity of both 
safety and effectiveness in the use of aux- 
iliary blowers and tubing in coal mines 
and states that these objectives are com- 
patible. He emphasizes the necessity of 
blower location so as to avoid air recircula- 
tion and the handling of dust or gas- 
contaminated air. Also, he insists upon 
the use of approved and permissible elec- 
trical equipment and continuous blower 
operation and emphasizes the importance 
of proper precautions, such as suspension 
of tubing, freedom from kinks, bends, etc. 

Mr. Smith explains the advantages of 
blowers and tubing for driving entries and 
maintaining crosscuts on long centers, also 
for reducing the number of crosscuts 
between conveyor-mined rooms, He again 
cautions against placing room blowers 
so as to permit recirculation or dust 
contamination. 


OBSERVATIONS 


Whereas these four reports express dif- 
ferences of opinion as to the relative 
advantages and disadvantages accompany- 
ing the use of tubing and blowers for 
auxiliary face ventilation, they are in 
complete agreement as to certain basic 
precautions that should be employed when 
such equipment is used, For example, all 
observers agree that such blowers should 
be powered with permissible Government- 
approved motors and that proper ground 
connections should be employed, Further- 
more, the blowers should be kept in 
continuous operation, to avoid high con- 
centration of gas deposits during shutdown 
periods, It is important also that the blower 
be placed on fresh air in such a manner as 
to exclude all possibility of recirculation of 
air already handled by the blower. 
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DISCUSSION 


The main justification for the use of 
tubing and blowers for ventilating dead 
ends is. where the installation and main- 
tenance of line brattice is rendered imprac- 
tical, either because of long distance 
desired between crosscuts or the operation 
of mechanical equipment with space 
limitations, 

By presenting the diversified opinions of 
four competent observers it is felt that the 
material contained in this report will 
prove of most value to the mine operator 
who is interested in the use of this par- 
ticular class of equipment. 


DISCUSSION 
(C. T. Hayden presiding) 


L. E. Youne,* Pittsburgh, Pa.—Mr. Man- 
cha has presented a paper that should stimulate 
much discussion and the opinions on this sub- 
ject that have been expressed by four members 
of the Institute cover the matter quite thor- 
oughly. All of us are acquainted with the 
recommendations, standards, and decisions of 
the United States Bureau of Mines and with 
the mining laws of the several states in which 
we operate. In some instances, the use of tubing 
and blowers is prohibited entirely, while in 
others it may be permitted by special action 
of a district mine inspector. 

Mining conditions and mining practice 
change, and with these changes laws and regu- 
lations may reasonably be revised, if personal 
hazards are not increased. Owing to the 
depletion of the better seams of coal, we will 
be obliged to mine under different and more 
difficult conditions than those for which most 
of our existing mining laws and regulations 
were formulated. In some instances, the mining 
hazards will be increased, but an intelligent 
approach to the problems may make economic 
mining possible. 

For example, we are now mining thinner coal 
seams, which cannot be mined economically by 
hand. If a number of established mining com- 
munities are to be perpetuated, it will be 
necessary to install low-height equipment, 
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which may be difficult to move; to do less 
brushing of panel entries and rooms; and to 
cut and load several times a shift in each work- 
ing place. In such concentrated mining, the 
removal of powder smoke quickly is essential. 
When gas is cut in clay veins, under existing 
mining laws and regulations, the gas must be 
removed before even permissible electrical 
mining machinery may be operated. Unless 
this gas is removed promptly, it creates a 
serious hazard, and at the same time prevents 
face work on schedule. The scheduling of 
operations is essential for the success of con- 
centrated mining. 

In a well-ventilated mine, the volume of air 
directed into a working panel is normally 
more than adequate to comply with the legal 
requirements; but when a clay vein is cut and 
an unusual flow of gas is encountered, an 
increased volume of air is required to sweep out 
and dilute this gas. Until this gas is removed, 
all electrical machinery must be stopped. 

It has been proposed that tubing and 
blowers shall be used only to supplement the 
already existing ventilation, which is presumed 
to be adequate for normal conditions. In my 
opinion, tubing and blowers should not be 
permitted as a substitute for well-ordered 
ventilation, but from an engineering standpoint 
it ought to be possible to design and build 
portable permissible blowers that will supple- 
ment existing ventilating facilities, and re- 
move gas and smoke quickly from a particular 
face and working section. Such blowers should 
not be operated except for the few minutes 
necessary to remove powder smoke and when 
gas is produced or accumulates in excess of the 
safe working limits. 

If we are going to expect men to work effi- 
ciently, we must remove powder smoke 
quickly. Some of the most modern and effi- 
cient installations keep the cutting machine 
in the same working place and the face may 
be cut five or more times per shift. Obviously, 
good ventilation must be provided to permit 
the face men to work. If gas is present, there 
may be considerable delay in getting it out. 

This is a real challenge to the safety engineers 
of the industry and deserves the constructive 
attention of the Bureau of Mines and the State 
Departments of Mines, as well as the manu- 
facturers and operators, 
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J. Pursctove, Jr.,* Pursglove W. Va.—Dr. 
Young seems to have approached this problem 
as an engineer, and I have tried to approach 
it as an operator of a gaseous coal mine in 
northern West Virginia. Mr. Mancha wrote 
to a number of people and passed on their 
ideas in his paper. I thought I would do the 
same thing; so I wrote the Chief of the De- 
partment of Mines in West Virginia, Jesse 
Redyard. The West Virginia Department of 
Mines has for several years been absolutely 
opposed to the use of blowers. It will not give 
a permit for the use of one, and probably will 
put a danger board over the pit mouth or shaft 
of any mine that uses one. 

I sent the Chief of the Department of Mines 
of West Virginia.a copy of this paper. He said 
it was so complicated that he did not have a 
chance to study it in detail, but I did get a 
letter from him, in which he says: “I have not 
had the time to study Mr. Mancha’s paper, 
but he is a well-known and outstanding engi- 
neer and I am sure he has covered the subject 
of auxiliary face ventilation very thoroughly, 
and his paper will no doubt be of interest to 
those interested in mine ventilation. As you 
know, the Department of Mines of West 
Virginia is not in favor of the use of blower 
fans for ventilating purposes.” I tried to get 
him to come to the meeting and substitute for 
me, but he would not do that, so he let me 
come and bring along his letter. 

When I was asked to discuss this paper I 
said that I did not know whether I was qualified 
to do so, because I had absolutely no experience 
with blowers and did not know anything about 
them. In thinking about the matter, however, 
it occurs to me that in gaseous mines, with 
mechanical loading, where the time or element 
of liberation has been increased two, three, or 
four times what it was under hand loading, 
it is not possible to deliver enough air up into a 
working face that is liberating gas, with a 
blower; unless, of course, the blower is about 
as large as the outside fan. 

The Chief of the Department of Mines of 
West Virginia called me on the telephone and 
added a little bit to his remarks. He said: ‘Of 
course, you know that the rules of the Depart- 
ment of Mines of West Virginia are that there 
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must be a minimum of 6000 cu. ft. of air per 
minute to the last breakthrough—that is the 
minimum—and that there shall be enough 
to render any harmful gases harmless.’’ Well, 
in our mines, in places, 15,000 or 20,000 cu. ft. 
per minute is required at the faces; and then 
some places must be shut down for a few days 
if any serious gas bleeders occur, to let the gas 
bleed itself out. It is not possible to work them 
even with 20,000 cu. ft. per min. at the face. 

Now, I am offering that as a question: How 
would you get a blower with enough capacity 
to take care of a situation of that kind? I 
do not see how you would do it. 

As I see it, a blower close to the working 
faces is just one more additional hazard—and 
there are plenty of hazards without blowers in 
these gaseous mines. It is all right to say that 
from an engineering or theoretical standpoint 
if it is all maintained in ‘‘apple pie” order, 
everything will be all right, but we all know 
that things cannot be kept in that kind of 
condition. 

The wiring up to a motor is a hazard; and, 
assuming that you can have a permissible 
blower, and it is in “apple pie’ order when 
installed, it would not be in that condition 
after the first week. Very few mines in the 
country have machinery that is actually per- 
missible according to the U. S. Bureau of 
Mines standards. It is all right when it is 
bought, but before long it is not perfectly per- 
missible; and, as I see it, one more hazard is 
being added close to the face, permissible or 
not. 

As far as smoke removal is concerned, ina - 
mine that makes much gas the brattice cloth 
must be kept up close to the face, anyway. So 
much air sweeps around the end of the brattice 
cloth (it is necessary because of the quantity 
of gas liberated), and with 10,000 or 15,000 ft. 
at the face a blower is not needed to sweep 
any smoke away; it disappears quickly. 

Not knowing very much about the subject, 
but hearing other people’s views, it occurs 
to me that a blower is just one more complica- 
tion and hazard at the face. 


R. D. Hatr,* New York, N. Y—Too much 
stress has been laid on the hazards of auxiliary 
fans, because of the newness of their arrival. 
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The ancient device—the line brattice—which 
they replace is the more suitable for crit'cism. 
Such fans: (1) take their air from the heading, 
unlike the line brattice, which receives much 
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where it can remove methane, and not near 
the floor, where it will disturb coal dust; (3) 
mix the methane with the air by the turbulence 
of their effluents, thus making it travel to the 
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of its air from passages along the goaf (Figs. 1 
and 2);* (2) discharge the air near the roof, 


* As long as the auxiliary fans are running, 
they tend to keep the air traveling within the 
heading and out of the rooms and caved areas 
adjacent thereto until, however, that air 


arrives at the mouth of an auxiliary fan and is . 


whisked to the end of a working place. Thus, 
the caved areas and rooms outbye the fans are 
ventilated most actively when the latter are 
idle. 


return and not collect in pockets; (4) increase 
air volume by relieving load on main fan. 

With line brattice: (1) air is drawn more from ° 
edges of goafs than from the heading and is 
filled with methane before it reaches the first 
advancing face; (2) methane is not so readily 
removed as with fans, because the air is not 
concentrated near the roof; (3) coal dust is 
disturbed; (4) air volume is decreased by 
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increased resistance due to the narrowed 
passages to be traveled between line brattice 
and coal ribs; (5) material of brattice often is 
torn down and damaged, allowing air to short- 
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operating from the heading, though it is 
loaded dangerously with methane. 

True, passing of air past fan motors may be 
hazardous, but the cutting machines, loading 


-Return 


<——— ee <~— ~~ <— 
PH cert Hsystem- Hiotatey He SH TG 
— = —_—> ——> ——> 
ERPS ee Ek 2 

es reste ——— 
a eee eee aes ae ee 
ae mek Ji ~)) 


Intake -* 


FIe. 3. 


He 


(al 


e+ 


a 


fm] 


Lt 
| 
i 
Hi 
i 


Integrated system 


ll 


FIG. 4. 


circuit face and accordingly permitting methane 
to gather. 

With two auxiliary fans in a heading, it is 
said that air from one leaves the first room 
and is re-used by the second and that only one 
receives fresh intake air, but the air travels 
from room to room and: probably with long 
rooms never returns to the heading by the 
room through which it entered. With line 
brattice, all rooms have only one single current, 
and the air, methanous from goaf contacts at 
first, becomes progressively worse, until at the 
end it is even more full of methane than it is 
with auxiliary ventilation. This air is termed 
“intake air” until it has passed all the rooms 


machines, drills, conveyors and shooting cir- 
cuits have more dangers, and, being also more 
numerous and being located at the face, afford 
greater hazards. At night, if the fans are 
stopped the air will travel up to the last 
crosscut, allowing methane to gather only in 
the remote room ends. 

Statistical record of accidents due to explo- 
sions in entries where auxiliary fans are in 
use should be compared with that of entries 
where air is conducted by line brattice, to see 
which is the more hazardous practice. 

In a mine requiring four-heading entries, 
the best way of eliminating crosscuts between 
permanent intakes and returns is not by using 
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an auxiliary fan for ventilation, which has its 
dangers, but by driving headings in pairs, each 
pair consisting of an intake and a return and 
each pair unconnected with the other pairs. 
When a suitable time comes one pair of head- 
ings may be made an intake and the other 
pair a return (Figs. 3 and 4). 


J. W. Woomer,* Wheeling, W. Va—I 
should like to speak about bituminous mines 
and as an engineer in giving my opinion. 
I believe engineers should be denied the right 
to revive what should have been dead many 
years ago. The muddying of the production 
cycle waters by burdening the foreman, who 
already is carrying heavy face responsibility, 
with auxiliary ventilation is nonsense. There 
is no substitute for correct design of mines 
and their basic fans. 


R. Mancua (author’s reply).—I want to 
bring out something that I do not think was 
clearly understood; that is, that permissible 
blowers are already available, and have been 
available for a number of years; so it is not a 
matter of developing them or anything like 
that. And it is not a ‘‘plug” for selling blowers. 


F. L. Quinsy,} Fairfield, Conn—We have 
been in the business of manufacturing flexible 
tubing for nearly 25 years. We do not recom- 
mend its use in gaseous mines, but we do think 
it: has a definite place when properly used. 
We have a very carefully written and carefully 
edited booklet that we urge all mining engineers 
and mining schools to use. It is valuable, I 
think, not only for engineers but also for all 
operating men who handle this tubing in the 
mines. 


L. E. Younc.—I wonder whether Mr. Evans 
will not make a contribution to this discussion? 


C. Evans, Jr.,{ Scranton, Pa.—I will have to 
speak cautiously, because in our state there 


_are certain rules about the use of tubing which, 


in times past, have been enforced in such fash- 
ion that tubing could not be used at all. Those 


- rules are now enforced in such fashion that 
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tubing can be used when it is safe to use it; 
and I will therefore say that those who con- 
demn tubing utterly are thinking only of their 
local underground condition, and are not 
taking into account the wide varieties of 
conditions that occur. For example, in the 
anthracite region of Pennsylvania a large 
portion of the output comes from second 
mining, which means that the roofing of 
chambers and roof rock is broken, so that 
there is no possibility of maintaining an air 
current as that was conceived when the rules 
on ventilation were first set down. Those rules 
provide for a crosscut every 60 ft. in anthracite. 
It is perfectly impossible to maintain a crosscut 
every 60 ft. in territory that was opened 
75 years ago. Those conditions must be taken 
care of as you come to them. It is not possible 
to build stoppings in those openings; it is a 
physical impossibility to do so except at a 
prohibitive cost; and the only recourse, there- 
fore, is the use of tubing. That fact is recog- 
nized by our present Department of Mines, 
and we are allowed to use tubing under reason- 
able regulations. 

Reasonable regulations—what are they? 
Well, they are a set of rules that we set down. 
in an attempt to have something that could be 
enforced. 

The difficulty with the use of tubing comes 
from the fact that we cannot get our mine fore- 
men to use it always under the regulations that ° 
we set down—and that is where the danger lies. 
The danger is a personal one, as it is in so many 
of our mining operations. 

So there is a possibility for the use of tubing, 
safely; but it requires extraordinary vigilance 
on the part of management, clear up to the top. 


Memper.—In other words, the human 
element has quite a bearing on this problem. 


J. Pursctove, JR.—I would like to ask Mr. 
Evans a question. Do the places mentioned 
contain much methane? 


C. Evans, Jr.—No. Any area that has been 
opened for 80 years—or 50 or 40 years—obvi- 
ously cannot contain much gas, particularly 


“when the roof measures are broken. There are 


no accumulations of gas, or pockets with any 
heavy concentration. 


Use of Rock Dust to Prevent Dust Explosions in Coal Mines, 
1938-1943 


By H. P. GREENWALD,* MEMBER A.I.M.E. 
: (New York Meeting, February 1944) 


Tus paper brings forward a discussion 
that was prepared for the meeting of the 
Coal Division in Chicago in 1938.1 War in 
Europe less than a year after that meeting, 
followed by our defense preparations and 
entry into the conflict, caused general cessa- 
tion of large-scale experimentation on the 
subject, and it is best to confine this paper 
to events in the United States during the 
five-year period since the preceding paper 
was written. The views of members of the 
Coal Division’s Committee? on Rock-dust- 
ing for 1943 were obtained before this paper 
was written and the manuscript was re- 
viewed by them. 


EXTENT OF ROCK-DUSTING 


Statistics on the use of rock dust in the 


United States during the years 1930-1933, 
appearing on page 97 of Volume 139 of 
the TRANSACTIONS are extended in Table 1 
herein through the year 1941. 

The results through: 1933 did not appear 
encouraging, but there has been improve- 
ment since that date. It has always been 
true that the larger operations were the 
ones that used rock dust. In 1941 only 
10 per cent of the mines in the country used 


Published by permission of the Director, 
Bureau of Mines, U. S. Department of the 
Interior. Manuscript received at the office 
of the Institute Nov. 12, 1943. 

* Supervising Engineer, Experimental Coal 
Mine Section, Bureau of Mines, Pittsburgh, Pa. 

1H. P. Greenwald: Recent Trends in Rock- 
dusting to Prevent Dust Explosions in Coal 
Mines. Trans. A.I.M.E. (1940) 139, 87-108. 

2The committee as appointed was: H. P. 
Greenwald, Chairman; C. E. Berner, Daniel 
Harrington, John E. Jones, E. J. McCrossin 
and L. E. Young. The death of Mr. McCrossin 
on Aug. 29, 1943, was a grievous loss. 
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rock dust, but they produced 57 per cent 
of the coal, employed just under 50 per 
cent of the miners, and accounted for 
52 per cent of the man-hours. Unfortu- 
nately, collection and compilation of these 
statistics are slow procedures, and figures 
dealing with the tremendous war expansion 
of the industry are not likely to be avail- 
able for a year or more. 


TABLE 1.—Extent of Rock-dusting in the 
United States* 


Percentage 
Percentage =) ars ei = = of Total 
of all ‘Vader Dade: Under- 
Under- 4 q ground 
Year| ground P qouse wan Man-hours 
Mines TOGUCHION| Ean DIOY CES | Warked 
: from Mines} in Mines | ; - 
Using Rock Using RectiGsine Rockin Mines 
Dust es ust |Using Rock 
Dust _ 
1930 8.4 2353 2745 30.1 
1931 8.3 31", 6: 26.8 29.1 
1932 Pa 30.6 2529 bir (eee 
1933 7.2 30.7 25.4 27-4 
1934 6.8 Baas 28.3 290.8 
1935 7.0 34.2 29.0 30.7 
1936 7-4 39.3 32.5 35-7 
1937 8.5 42.7 36.3 39.2 
1938 Toa 39.7 33.2 35.8 
1039 7.9 48.7 40.0 42.7 
1940 9.0 5555 40.4 50.6 
1O4I 10.2 Cy dee: 49.6 52.0 


2 These figures are abstracted from a Bureau of 
Mines mimeographed report, Health and Safety 
Statistics No. 323, dated Aug. 21, 1943. 


In 1941 the five leading states in regard 
to percentage of man-hours worked in 
mines using rock dust were: Utah, 92.1; 
Wyoming, 79.3; Alabama, 77.4; New 
Mexico, 72.5; West Virginia, 65.3. The 
first four states were the same as in 1933, 
but West Virginia displaced Washington — 
in fifth place. 

On the basis of pounds of rock dust used 
per ton of coal, the five leading states in 
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1941 were: Alabama, 3.32; New Mexico, 
2.17; West Virginia, 1.76; Colorado, 1.38; 
Utah, 1.22. Since 1933 Alabama had moved 
_ from fourth to first place and West Virginia 
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ber 1941 and March 1943. These covered 
the eight districts into which the United 
States is divided under the Bureau’s 
scheme. The writer has found time to make 


TABLE 2.—Summary of Findings of Federal Coal-mine Inspectors in District A 


ee Oe ee eae ee ORE a) Eee 
: West 
‘SHES ohaa hol Ona ee aoe ea nr Pennsylvania Ohio Vir- All 
ginia 
Line 
No. : 
: Upper| Lower Mid- Total 
ae Pitts- | Upper) Lower! Kit”| “Kit- | Pitts- dle | Pitts-| or 
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from eighth to third, forcing Pennsylvania 
down to sixth. The average for the United 
States was 1.31 in 1941 as compared with 
0.76 in 1933. 


“FEDERAL COAL-MINE INSPECTION REPORTS 


The terms of the law establishing Federal 
inspection of coal mines and the operations 
conducted thereunder should now be suffi- 
‘ciently familiar to coal-mining men to 

- obviate the necessity of giving details here. 
Theré is accumulating in the files of the 
Bureau of Mines a mass of information on 
general coal-mine safety practices, includ- 
ing rock-dusting. Daniel Harrington, chief 
of the Bureau’s Health and Safety Service, 

_ kindly arranged that two mining engineers 

review 870 reports made between Decem- 
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a J 


a detailed analysis of the review for one 
district only—district A, which comprises 
Ohio, northern West Virginia, Virginia, 
Maryland, and Pennsylvania bituminous. 
The review covered 390 reports of inspec- 
tions made in this area. The mines inspected 
worked 17 different coal beds, but in only 
8 instances were there 10 or more mines 
per bed in a given state; less than this 
number is considered to be too few to 
justify analysis. The figures of the analysis 
appear in Table 2. Remember that prac- 
tically all these mines came within the first 
year’s inspection activity and that in 
general the larger mines received first 
attention. It is reasonable to assume that 
on the whole better than average practices 
would be found in a majority of cases. 
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In the review of inspection reports, the 
engineers reported the extent to which hand 
loading into cars and other methods of 
loading were practiced. The term “‘mecha- 
nization’ is avoided here because under the 
system used hand loading onto conveyors 
would have to be called mechanical loading, 
and on this there will not be agreement. 
Mines not included in lines 2 and 3 of 
Table 2 were in various stages between 
too and o per cent hand loading into cars. 
The percentages based on total mines are: 
hand loading into cars, 54; no hand loading 
into cars, 28; all others, 18. 

Lines 4 to 12 of Table 2 give summary 
figures from which, with other data, the 
percentages appearing in lines 13 to 16 are 
computed. Line 13 shows that, on a general 
average, more than half the mines inspected 
used no rock dust whatever. The only indi- 
vidual figure much better than the general 
average is the Pittsburgh bed in West 
Virginia. In line 14 allowance is made for 
wet mines, but the percentages are little 
changed except for the Pittsburgh bed in 
Pennsylvania, for which there is some im- 
provement. Comparison of lines 15 and 16 
shows that in some individual beds and 
states the mines using no hand loading into 
cars make a much better showing than 
those at the opposite extreme; a less marked 
difference of the same character appears in 
the general average. 

Finally, it is necessary to point to the 
figures in lines 11 and 12 of Table 2, which 
are in some ways the most important of all. 
Complete rock-dusting is defined as use of 
rock dust in all areas where the standards 
demand it. Adequate rock-dusting is use of 
a sufficient quantity to produce the degree 
of protection intended. Thus rock-dusting 
can be complete but not adequate, and 
may be “adequate where done” without 
being complete. The comment in quotation 
marks was met frequently in the inspection 
reports. 

Note in this connection that the inspec- 
tors follow the Bureau of Mines standard 
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as set forth in Mine Safety Board decision 
32,? which requires rock-dusting to within 
40 ft. of all faces, minimum 65 per cent 
incombustible and 1 per cent additional 
for each 0.1 per cent gas in the air current. 
This is more severe than the Recom- 
mended American Practice approved by 
the American Standards Committee. Re- 
vision of this Recommended Practice was 
a duty of this committee in past years, but 
it was concluded that there was not suffi- 
cient evidence to support fully any change 
that might be proposed. The matter cannot 
become active again until after the close of 
the war. ; 

There were only 24 completely and ade- 
quately rock-dusted mines (line 12); 21 in 
Pennsylvania, and 13 in the Pittsburgh 
bed in that state. The total number (24) is 
7 per cent of all mines considered and 
16 per cent of the number using rock dust. 
It should be remembered also that rock- 
dusting was only one of many hazards 
concerning which the inspector sought 


information, and the proportion of each 


report devoted to rock-dusting is small. If 
a thorough explosion-hazard investigation 
were made of each of these 24 mines, it 
seems quite possible that some of them 
would have difficulty in remaining in the 
class to which they have been assigned in 
Table 2. 


Part PLAYED BY Rock Dust 
IN MINE EXPLosIoNns 


The Bureau of Mines file of reports of 
coal-mine explosions was examined for the 
five-year period ended June 30, 1943, anda 
compilation made of all in which dust par- 
ticipated. Purely local gas explosions were 
not counted, although a large number 
occurred, with a lengthy toll of death and 
injury. There were 57 explosions involving 
dust in the five-year period; in 32 of these 


3 Mine Safety Board Decision 32, Prevention 
of Coal-dust_ Explosions by Rock Dusting. 
U.S. Bur. Mines Inf. Circ. 7109 (March 1940) 
3 PP. 
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no rock dust had been used in the part of 
the mine traversed by flame, leaving 25 in 
which rock dust may have played a part. 
In the 32 explosions in areas that had not 
been rock-dusted there were 344 deaths 
and 95 nonfatal injuries, and more than 
1242 escaped from the mines unharmed. 
The exact number of escapes is uncertain, 
as in three cases the reports do not specify 
exactly the number of men in the mine. 
In four of the explosions the number of 
deaths ranged from 28 to 74, with a total 
237. The remaining 28 explosions killed 
107 men. In two of the four large explosions. 
scarcely anyone escaped death or injury. 
In the remaining two there were a large 
number of escapes; 134 in one instance and 
_ 287 in the other. Both of the latter explo- 
sions were of limited extent, and consider- 
able areas of the mines were not affected. 
Although the figures on the number escap- 
ing are interesting, conclusions should be 
drawn therefrom with caution, as condi- 
tions varied widely. In some strong explo- 
sions there were few men in the mine, and 
none escaped death or injury. In seven 
weak explosions covering only limited areas, 
-Ior4 men escaped unharmed. Finally, and 
this must be emphasized, 24 of the 32 explo- 
sions were started by ignition of gas. Had 
there been adequate ventilation, these 
24 would never have started. The eight 
explosions not started by ignition of gas 
caused 105 deaths and 41 nonfatal injuries. 
The 25 explosions in which rock dust 
played some part caused 287 deaths and 
44 nonfatal injuries, and more than 2153 
persons escaped unharmed. Whatever may 
be the significance, it is a fact that twice as 
many escaped per fatality and injury in 
these explosions as did so in the 32 explo- 
‘sions in which no rock dust was present. 
The 25 explosions fall into two groups: (1) 
those in which there was rock-dusting close 
to the origin, and (2) those in which there 
‘was not. Nine explosions in the latter 
group caused 255 of the 287 deaths and 
allowed only 547 escapes. There were 
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several clear-cut examples of the instan- 
taneous effect of rock dust close to the 
origin of an explosion. In two instances 
there were strong electrical ignitions on 
haulage roads, which were snuffed out at 
once, with death and injury only to those 
close to the point of accident. In two others, 
rock-dusting had been carried close to the 
face, and the flame was killed within a re- 
markably short distance—3o0 ft. in one 
case. In one instance rock dust in paper 
bags suspended near the roof takes credit 
for stopping a well-developed explosion. 
Finally, and with emphasis again, 21 of the 
25 explosions started from ignitions of gas. 
The other four caused only six fatalities 
and eight nonfatal injuries and permitted 
112 escapes. It so happens that in these 
four cases few men were in the mines in- 
volved. Note also that the four explosions 
not involving gas caused an average of 
1.5 deaths and 2 nonfatal injuries per ex- 
piosion, whereas the eight similar ones 
with no rock dust present caused an aver- 
age of 13 deaths and 5 nonfatal injuries per 
explosion. 

The importance of having adequate rock- 
dusting throughout is emphasized by com- 
parison of two examples. In one dry and 
dusty mine a great deal of rock dust had 
been used but despite this the percentage 
incombustible in the dust was generally 
too low. A moderately strong explosion 
developed, traveled through about half of 
the mine, manifested force to the surface, 
and killed two thirds of the entire under- 
ground personnel. Contrast this with an 
incipient explosion initiated near the bot- 
tom of a slope by a trolley wire brought 
down by derailed cars. The area was well 
rock-dusted. Flame covered an area about 
300 ft. long and caused nonfatal burns to a 
trip rider who, happened to be in its path. 
The motorman at the opposite and inby 
end of a 27-car trip (the trip was being 
pushed to the slope, and the first two cars 
were derailed) was asphyxiated, but not 
burned. Fifty-one men escaped from work- 
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ings inby the explosion, led by the foreman, 
who piloted them around most of the small 
area contaminated by afterdamp. Had 
there been no rock-dusting in the im- 
mediate vicinity of the accident probably 
all would have perished. 


SUMMARY 


1. Statistics show steady but slow in- 
crease between 1934 and 1941 in the num- 
ber of mines using rock dust, the percentage 
of underground employees working in such 
mines, in total underground man-hours 
worked, and in number of pounds of rock 
dust used per ton of coal produced. 

2. The first year’s activity of Federal 
mine inspectors in the territory comprising 
Bureau of Mines district A showed that 
more than half the mines inspected used 
no rock dust at all and that only 24 of 
332 mines could be classed as completely 
‘and adequately rock-dusted. It is possible 
that thorough explosion-hazard investiga- 
tions would reduce this number. 

3. Reports of 57 dust explosions in mines 
over the five-year period ended June 30, 
1943, showed that in 32 no rock dust had 
been used in the area traversed by flame; 
344 deaths and 95 nonfatal injuries were 
caused by these 32 explosions. In nine 
other places there had been without ques- 
tion incomplete and inadequate rock- 
dusting, and in these 9 there were 287 
deaths. In the remaining 16 instances, rock 
dust played an important part in stopping 
the explosion; in four, it was apparently 
the sole cause of stoppage. These 16 
explosions caused 32 deaths. 

4. If the present rate of progress is not 
improved, it seems likely that half a 
century will elapse before dust explosions 
are eliminated from all American coal 
mines. Back entries and rooms are the 
weakest spots in the present picture of 
generalized rock-dusting, but they are 
weakest purely by comparison because the 
whole picture is unsatisfactory. Simply 
using more rock dust is not the complete 


ROCK DUST TO PREVENT DUST EXPLOSIONS IN COAL MINES 


answer. Control of production and scatter- 
ing of coal dust and major improvements in 
ventilation practices must proceed at the 
same time. Following the war there should 
be conducted a thorough experimental 
study of the effectiveness of rock dust 
under conditions closely simulating those 
in producing mines. It is a fact that the 
data obtained in some 1800 explosion tests 
in the Experimental coal mine have put 
the fundamentals of the problem beyond 
question, and it is equally true that the 
information obtained has been honored 
more by neglect than by use. However, the 
time has now come to consider special 
cases and obtain information on them. 


DISCUSSION 
(Richard Maize presiding) 


J. V. McKenna,* Waynesburg, Pa.—I want 
to emphasize certain pertinent points brought 
out in the paper relative to the areas affected 
in size and intensity by explosions in mines 
that were rock-dusted and by contrast in mines 
that were not rock-dusted. After an exhaustive 
study by the United States Bureau of Mines 
and the various state mining departments, it 
has been definitely determined that an ex- 
plosion will propagate and travel for great 


distances unless there is some noncombustible _ 


agent present or introduced to stop or hinder 
the progress. 

Various attempts were made to stop the 
propagation of explosions by the use of water, 
but this was generally confined to haulageways 
and usually was not satisfactory because an 
insufficient amount of water was used and 
because the water evaporated quickly. 

No attempt was made at that time to allay 
the coal dust at its point of origin and it was 
carried by the air currents to almost any part 
of the mine. 

Finally rock dust was introduced, but its 
adoption was a slow process, as stated by Mr. 
Greenwald. Some states have passed laws mak- 
ing it mandatory that gaseous and/or dusty 
mines be rock-dusted. The Pennsylvania 


= Inspector, Pennsylvania Department. of 
Mines. 


DISCUSSION 


- Bituminous Mine Law directs that: ‘‘Rock- 


dusting shall be done with such regularity and 
frequency that all surfaces required to be rock- 
dusted shall be kept in such a condition that 
the incombustible content of the adhering and 
lodging dust shall not be less than 55 per cent.” 
However, we try to keep the incombustible 
content at 65 per cent. 

“The rock dust shall be distributed on top, 
bottom, and sides of all haulageways, traveling 
ways, airways, developing entries, and entries 
producing coal from rooms or pillars and their 
parallel entries.” The superintendent shall see 
that a representative sample of dust is gathered 
at each sampling point once each two months 


- and tested to determine the percentage of in- 


combustible material. The distance between 


sampling points on haulageways, traveling 


ways, and airways shall not exceed 2000 ft., 
but in developing entries and in entries pro- 


- ducing coal from rooms or pillars, and their 
_ parallel entries, the distance between sampling 


points shall not exceed 500 ft. A record of all 
samples taken must be kept in a state record 
book provided for that purpose. 

- When rock dust was first introduced it was 


‘generally applied by hand, but this was found 


to be a slow and expensive method and was 
supplanted by the mechanical method of 
application. 

A survey made of the gaseous mines in the 
Thirteenth Bituminous District in Pennsyl- 
vania reveals that the average amount of rock 
dust used in the year 1943 was 1.71 lb. per ton 
of coal mined. The relation of pounds of rock 
dust used to man-hours of exposure reveals 


_ that approximately 85 per cent of the coal 


mined in the district, which also is practically 
the same percentage of man-hours exposure, 
was rock-dusted. This survey covers 19 mines, 
of which 10 used rock dust. 

To get the desired results, the first applica- 
tion of rock dust usually takes about 4 lb. of 
rock dust to the linear foot and the second 


application, or redusting, takes from 114 to 


2 Ib. per linear foot when the dusting is done 
mechanically. When the dusting is done by 
hand considerably more rock dust is required— 


as much as to to 12 lb. per linear foot on 


occasions—because the dust does not stick to 


' the roof and sides and falls to the bottom. In 


.". 


many cases of hand rock-dusting that I have 


observed, the bottom would have most of the 
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dust and the roof and sides would be streaked 
and not dusted evenly. 

When the mines were working one shift and 
only five days a week the matter of application 
of rock dust was comparatively simple, as the 
rock-dusting could be done on the off shift or 
on the off day. However, since practically all 
mines in western Pennsylvania have gone to 
multiple shifts, the problem of rock-dusting 
has become exceedingly difficult, particularly 
in mechanically operated mines working three 
shifts and six days per week. About the only 
time rock-dusting can be done in this case is 
on Sunday and it is difficult to get men to work 
on Sundays, even though they may have 
missed a shift through the week. If a man 
works every day through the week and then 
works on Sunday, it entails double time, 
thereby increasing the cost considerably. If 
certain necessary maintenance crews were 
allowed to start a work week on Tuesdays, it 
would simplify considerably such jobs as 
rock-dusting, necessary timbering or track 
work. Rock-dusting, particularly, must be done 
when no work is going on in the section 
being rock-dusted, as visibility would be zero 
and any person on the return side of that split 
of air would practically be suffocated. 

In Mr. Greenwald’s paper is the statement: 
*“Complete rock-dusting is defined as the use 
of rock dust in all areas where the standards 
demand it. Adequate rock-dusting is the use of 
a sufficient quantity to produce the degree of 
protection intended. Thus rock-dusting can be 
complete, but not adequate and may be ‘ade- 
quate where done’ without being complete.” 
The statement ‘‘adequate where done,” it is 
said was met frequently in Federal Mine In- 
spection Reports. I am afraid that this state- 
ment applies to many of our mechanical mines 
in southwestern Pennsylvania because we do 
not attempt to rock-dust within 4o ft. of the 
face, as this is almost impossible in a three- 
shift mine. 

To go back to the rock-dusting that must be 
done when the sections are idle, which is only 
on Sunday. In the meantime the place may 
have traveled 100 ft. However, in the mines 
I speak of in this discussion, we have what we 
feel is a better protection against propagation 
of explosions than the use of rock dust only. 
In all the mechanical mines referréd to here, 
there are sprinkling lines in all working places. 
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A hose is attached to the end of the line and 
then connected to the cutting machine, and 
the dust is sprayed continually during cutting. 
The coal is again sprayed before shooting and 
also during the loading operation, by the 
loading machine, in the same manner as in the 
cutting operation. 

In some places it may not be necessary to 
sprinkle when the actual loading is in progress, 
if the coal has been sufficiently wetted when 
cutting operations and shooting are done. This, 
of course, is a matter of judgment, as conditions 
in mines vary greatly. Therefore we do feel 
that we are giving better protection by using 
water at the face in conjunction with the use 
of rock dust rather than by using rock dust 
alone and keeping it within 40 ft. of the face. 
We feel that we are knocking the coal dust 
down at its source and it cannot then be 
carried to any other parts of the mine. Holes 
are drilled through the bottoms of the cars, 
which serve two purposes—they let the excess 
water drain out of the mine cars and they tend 
to keep a part of the haulageway damp enough 
to allay the coal dust. All development working 
areas in these mines are rock-dusted weekly 
and the retreat portions as needed. The mines 
are 100 per cent rock-dusted as far as that 
percentage can be reached. The working areas 
are rock-dusted by low-pressure rock-dusting 
machines usually. The back entries and air 
courses are rock-dusted by high-pressure 
machines, which is a much more difficult task, 
as a considerable amount of hose must be used 
to reach some of the entries. A pipe big enough 
to permit the passage of the rock-dust hose 
is placed in strategic stoppings and a cap is 
screwed over the pipe. 

In mines where hand loading is practiced, 
the problem of rock-dusting is not quite as 
difficult because the working places do not 
advance as rapidly, and the rock dust can be 
more easily kept within 40 ft. of the face. 

There are other places in the mines where the 
use of rock dust would not be feasible even 
though there is considerable coal dust thrown 
into suspension, particularly at underground 
dumping points. This dust must be knocked 
down, and the only way to do it satisfactorily 
is with water. However, the amount of water 
used at these places can be reduced materially 
by the use of a good wetting agent. The dust 
must be kept down at the dumping points, and 
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sometimes the use of water alone makes the 
coal so wet that the moisture content is too 
high, and it interferes with the transportation 
of the coal at times on a belt system; therefore 
the use of the wetting agent to cut down the 
amount of water used. 

I know of one place where a large galvanized 
pipe has been installed at an underground 
dump. The end of the pipe was placed at the 
point where the greatest amount of dust 
accumulated in the air, and carried from this 
point to the return air course. The dust was 
carried through this pipe to the return air 
course and treated with rock dust at that point. 
This arrangement reduced the amount of 
water that had to be used on the dump to keep 
the dust under control. 

I want to emphasize a statement in Mr. 
Greenwald’s paper, that adequate ventilation 
will stop the ignition of gas, which in turn is 
fed by coal dust. Under proper supervision, 
and if a sufficient amount of air is properly 
coursed and locked to ensure a continuous flow 
of air, there normally should be no accumula- 
tions of explosive gas. However, rock dust must 
be used as a second line of defense; and as a 
first line of defense in case of a sudden inrush 
of gas from any source. 

The possibility of a gas ignition from a sud- 
den inrush of gas is lessened considerably if the 
air currents are not carried over trolley wires 
after they have ventilated working places. 
Many explosions have been ignited by a spark 
from a trolley. This arrangement of ventilation 
can be accomplished easily by the use of 
multiple entries, with enough fresh air going 
over the trolley wire to keep it clear. 

In regard to explosions from coal dust alone, 
adequate use of rock dust is still the answer, 
and is the only line of defense that can be 
generally used in coal mines. 


E. McAuvuirre,* Omaha, Nebr.—Rock- 
dusting is one of the things that too often go by 
default. I can recall when we started rock- 
dusting in Wyoming. One of my neighbors 
came over and bought a quarter of a ton from 
us and stored the sacks outside his mine, and 
thereafter he was reported for some years in 
one of the labor journals as operating a rock- 


* President, The Union Pacific Coal Com- 
pany. 
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dusted mine. It is that attitude of mind, I 
think, that has cost a great many lives and 
held up safety. 

While we attempt to rock-dust our mines, 

_ we have not found it practical, as Mr. McKenna 
said, to rock-dust right up to the face. We do 
get a continuing pressure from federal in- 
spectors to bring our rock-dust closer to the 
working face. We are now working 16 hr. a 
day, and working one shift, and with the hope 
of working two shifts on Sunday there is a 
great deal of difficulty attached to the applica- 
tion of dust. Nevertheless, we are going to 
carry on our rock-dusting if we have to shut 
down the mines for a shift, with a resultant 
loss in production. 

I am a definite and firm believer in ventila- 
tion of the mines, as Mr. McKenna properly 
said. That is the real first line of defense and. 
one that is too often neglected. Given adequate 
ventilation—and it is sometimes difficult to 
get the local force to maintain full ventilation 
—a little bit of prodding from a federal or a 
state inspector once in a while is not altogether 
a bad thing. 

The next thing is to allay the dust where it 
is produced. We undertook to put water on our 
cutter bars in all our working places some years 
ago, finding it necessary to install several 
miles of pipe line. We have no such mileage of 

_ water lines at the present time because we 
were then operating 19 widely scattered, hand- 
loaded mines. Concentration of the working 
“area through mechanical loading has reduced 
that mileage to relatively insignificant amount, 
but we do keep water on the cutter bar of every 
machine, and even under the present difficult 
labor conditions no man can stay with us that 
persistently attempts to cut without water. 
After the mining machine is retracted and 
the crew gets ready to load, the unit foreman 
determines the measure of water that should 
be put on the cuttings and on the rib and floor 

—not so much as to wet the coal so that it 

cannot be moved successfully in a rather 

- rigorous Wyoming winter. 

Those are things that can be worked out, 
and it is astonishing how easily a good practice 
can be maintained once established, providing 
the management has the will to establish it 
and see it through. 
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S. A. Taytor,* Pittsburgh, Pa.—I want to 
give the result of a little experiment that was 
made long before the Mining Bureau was 
established. I was still in college. Dr. Francis 
Phillips was chief of the Chemical Department 
at the University of Pittsburgh. (Then it was 
the Western University of Pennsylvania.) 
Natural gas had just been discovered in Mur- 
raysville, Pa., and of course it went to waste 
there for a number of years. Finally George 
Westinghouse took hold of the proposition and 
he employed Francis Phillips to make an in- 
vestigation as to how it could be used. Dr. 
Phillips made a very thorough investigation 
and chemical analyses and at that time his 
investigations were more complete than any 
that had been made in any other place in the 
world, even Germany, where he had gone to 
school. 

One day, I think it was in 1886, he took our 
class into his laboratory to show us the effect 
of exploding natural gas. He had demonstrated 
that the explosibility of natural gas had limits 
on the low side of five and on the high side of 15, 
which corresponds pretty closely to what the 
Bureau of Mines established after a great many 
experiments. He made an experiment there to 
show us how dangerous or how powerful an 
explosion would be. He used a little water glass, 
a drinking glass. He fused a glass tube into the 
side of the glass, which was connected with a 
natural-gas tank and also with air.. He had 
electrodes inserted in the glass, so as to explode 
the mixture. He put that glass over a vacuum 
pump and created a vacuum, after which he 
admitted 10 parts of natural gas, because it 
was at that point he figured would be the most 
powerful explosion, and added go parts of air. 
He fired that mixture with the electrodes, and 
the explosion from that small quantity of gas 
and air mixture was so powerful that we could 
feel the vibration of the building, which was a 
three-story brick structure. 

I think the taking care of gas is one of the 
most important things in mining. I know this 
knowledge has served me very well in my own 
experience, and it is a practical demonstration 
of the powerfulness of gas. To keep gas out of 
the mine is one of the things I think is most 
important. 


* Consulting Engineer, 


Standards for Safety Clothing, and Their Relation 
to Accident Reduction 


By C. E. BERNER,* MEMBER A.I.M.E. 
(New York Meeting, February 1944) 


SINCE 1933, the: Coal ‘Mine Rating 
Schedule in Pennsylvania has provided 
credits in the Workmen’s Compensation 
insurance premium rates for the use of 
safety hats, goggles and shoes. In that 
year, the worth of such protective clothing 
had just been well established and satis- 
factory articles were being made by a 
number of manufacturers. Standards for 
these three items of safety clothing were 
written in the Rating Schedule and have 
been little changed through the years. 


Hats) neces 63 per cent, or 22,600 employees 
Goggles..... 28 per cent, or 10,000 employees 
NDIGES 0) cree c . 44 per cent, or 15,800 employees 


Of course, many other employees wear 
these protective articles but they are in 
mines that are not fully equipped and so are 
not given the rate credit. 

The growth in use of this equipment has 
not been spectacular but it has been 
steady, as shown in Table 1. An interesting 
thing about this is that it covers virtually 
all of the small and medium-sized bitumi- 


TABLE 1.—Number of Mines Given Credit 


Reha AIS A ee res ee See Re 1934 1935 1936 1937 1938 1939 1940 IQ4I 1942 
All mines inspected........... 412 438 429 627 526 514 512 563 564 
CrediteElats, 1. cae eee vee 28 46 45 88 125 181 223 263 205 
OP PlES a. Att, Al om oe 2r 25 25 36 57 72 83 99 106 
DORR ahaie HY epic ha: eit wicks eheten 25 42 42 72 87 118 141 169 170 


The credit in the premium rate for a 
bituminous mine is $0.14 for hats, $0.08 for 
‘goggles, $0.08 for shoes. In order to earn 
such credit, it is necessary that all the 
employees in the particular mine be 
equipped with safety hats, goggles or 
shoes, as the case may be. In fact, it is not 
unusual for mines to qualify in all three 
categories, thus earning a rate reduction of 
$0.30 per $100 of payroll. 

These credits have been a decided stimu- 
lus to the use of safety clothing, and at 
present insured bituminous mines are 
credited as follows: 


Manuscript received at the office of the 
Institute Jan. 18, 1944. 

* Superintendent, Coal Mine Section, Penn- 
sylvania Compensation Rating and Inspection 
Bureau, Harrisburg, Pennsylvania. 


nous mine operations in Pennsylvania. A 
number of large operations are included, 
but many large mines are self-insured. 

It is difficult to keep alive interest in 
safety work in the smaller mines: first, 
because employment of safety engineers is 
out of the question and the one or several 


mine officials employed are often concerned 


only with production; second, because the 


life of many small mines is brief, so that 


safe conditions although established do not 
last long. 

Conditions as to safety in mines of this 
class rest chiefly with inspectors of state 
mine departments and of casualty insur- 
ance companies. Many millions of tons of 
production come from these mines, so that 
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they are of real importance, and_ their 


safety should not be neglected. 
I believe the modern progressive operator 
is thoroughly alive to the value of every 


' possible protection that can be afforded 
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study of injuries in Pennsylvania during 
recent years, as shown in Tables’2 to 5. 

A careful review of the foregoing facts 
indicates that there is certainly great room 
for improvement to be effected by com- 


TaBLE 2.—Labor and Industry Records in 1941 for all Coal-mining Temporary Disability 


Cases 
Anthracite Mining Bituminous Mining 
Part of Body Accidents Accidents 
= Compensation ___| Compensation 
Number | Per Cent Number | Per Cent 
(1) (2) (3) (4) (5) (6) (7) 

NSE ot ot rch aCe eg 5,433 100.0 $755,032 7.233 100.0 $1,207,432 
Eyes 256 4.7 13,906 254 355 13,511 
Head 311 5.7 43,727 366 Sri 60,099 
Chest 535 9.9 76,942 679 9.4 83,740 
Back 656 12.1 134,508 952 bier) 266,730 
Arms 236 4.3 30,841 285 3.9 38,798 
Hands 461 8.5 31,420 | 488 6.8 50,064 
Fingers 944 ref oy 54,817 I,036 £43 67,022 
Legs 827 £5.2 171,724 1,140 15.8 279,540 
Feet 612 cr 2 87,004 992 13.7 153,791 
Toes 260 4.8 24,342 355 4.9 28,9084 
Abdomen (incl. hernia)............... A7 ao) 13,241 239 Br3 44,185 
BESO Sa INOS iret dier Sit ss, Sioehiate o amvans 2 288 53 66,470 437 6.1 120,068 


TABLE 3.—Temporary Cases in All Pennsylvania Industry in 1941, by Nature of Injury« 


Num- Ampu-| Burns | Con- Cuts Pee -_ | Infec- Rare Unclas- 
Part of Body Ger ta- and cus- Boe ana Hernia ae Dislo- | sified 
tions Scalds sions Truises Crushes cations 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (x1) 
Bota sa eat rt yeni 54,252 194 2,596 hay 23,992 | 11,630 1,737 | 3,382 | 9,653 753 
317 dy 86 2 6 
417 310 | 1,848 327 67 64 39 
47 1,563 | 1,550 itty] 835 109 
40 3 1,139 364 19 | 4,167 64 
255 I 1,349 802 213 320 24 
478 2,599 | 1,056 756 555 39 
193 III 5,339 | 1,899 1,387 108 35 
348 I 3,033 | Gs204 352, || E245 49 
409 2,871 | 2,251 205) |" 2,473 53 
I 20 1,049 1,913 63 19 15 
iat ater idee sk ats 1,737 1,737 
Bode tN.O.C.) phe ne ee 3,239 154 1,328 254 218 965 320 


a Pennsylvania Department Labor and Industry, 1041 Statistical Supplement, Industrial Injuries in 


Pennsylvania. 


employees and is convinced of the need of 
protective clothing. However, as with 


many other excellent devices, their use is 
not standardized or uniform and many 
accidents occur from day to day that 


could have been prevented through the 


proper provision and use of some safety 
apparel. I am led to this conclusion by a 


plete use of protective clothing. It is 
my assumption that the situation in many 
other coal-mining states is the same as in 
Pennsylvania. In fact, it is my belief that 
most states are in a less favorable situation 
than Pennsylvania and especially so at this 
time. I am led to this observation by the 
figures released by the Pennsylvania 
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TABLE 4.—Insurance Experience in Pennsylvania, 1936-1940 
COMPENSABLE ACCIDENTS IN RELATION TO SAFETY CLOTHING? 


Anthracite Mining Bituminous Mining 
: Percent- Percent- 
Injury Compen- age of | Percent-|Compen- age of | Percent- 
sable Days m- age of sable Days om- age of 
Acci- Lost pensable| Days Acci- Lost pensable ays 
dents Acci- Lost dents Acci- Lost 
dents dents 
(1) (2) (3) (4) (5). SEG) Ve a a i (9)- ie 
LOtRLcce ese cunt e tenets 1,597 | 310,253 26.9 14.2 4,393 | 611,160 25.8 TIS 
Fractured skull... ....... 22.5. 38 174,246 0.6 8.0 73 | 239,686 0.4 aS 
Cutior ‘britsed scalpicns ja. c.u 145 7,278 2.4 0.3 246 17,223 I.4 0.3 
Catreye. nota eee re pela 257 74,713 ATS 3-4 593 | 144,585 a. 5 at 
Cut palm of hand... ...... 83 3,176 1.4 0.2 250 26,035 I.5 0.5 
Cut thumb or finger.......... 510 17,971 8.6 0.8 1,429 57,894 8.4 ¥ox 
Fractured. f006: > Si. josie aie 79 7,991 $23 0.4 364 60,668 2.3 pee 
Cut or bruised foot... Be 258 10,584 4.4 0.5 742 31,413 4.4 0.6 
Fractured toes.......... “ 122 11,680 2:5 0.5 400 24,554 2.4 oss 
Cut or bruised toes........... 105 2,614 1.8 o.1 206 8,202 r.7 0.2 
All compensable accidents..... 5,943 17,012 
Total days lost............... 2,277,742 5,310,037 
Production, net tons.......... 23,730,024 137,202,918 


« This is not all the injuries of this kind but only the ones that upon examination seemed preventable by 
the use of safety clothing. 


TABLE 5.—Noncompensable Accidents by Nature of Injury and Part of Body—Insured 
Mines in Pennsylvania, 1940-1942% 


Anthracite Bituminous 


Part of Body Sprain Per- Sprain 


cent- | Cutor| or Frac- cent- | Cutor|} or Frac- 
age of |Bruise | Dislo- Burn ture All age of |Bruise | Dislo- Burn ture 
All cation All cation 
(1) cae (5) _ 8) _|_(9) | (ro) |_ Gr) | (22) | (3) 
PE OLALS Peeters e » F II,409| 100.0] 9,131 | 1,744 | 380 154 
Eye 4 1,788) 15.7| 1,697 91 
a 1,047 9.2] 1,005 42 
ac “4 999 8.3) 217 750 32 
5.8 733} 6.4] 424 | 233 II 65 
iGlerviae.4.c <0 3.27 359 3.1} 208 147 4 
he dated era 0.5 715 0.7 61 12 2 
DOW ats kei wien cps 1.8 162 TA) CEST Ir 
Sree caja 1.9 209 1.8] 177 19 13 
Tigi pars sae st 2.3 314 2571+ ITs 117 26 
cd Cie daeiiien ste Sut 645 5.6] 567 15 60 3 
14.4 2,326} 20.4| 2,219 26 31 50 
ih aa atietaies 2.1 385 3.4) 201 43 51 ‘ 
DOES pitas st Week 4.4 566 5.0 119 3 
Petru t to 2.0 329 2.9] 306 18 5 
ADENG 45s tei she aie o: 1.9 304) 2.7) “x25 175 4 
RGot ih te tee 6.9 852 7.5| 786 56 4 6 
DORI wrre.c/atiouds daze 2.2 316 2.8) 282 3 I 30 


Fi 2 The accidents listed here are of 7 days duration or less and include those having medical cost and no lost 
ime. < 

. This table represents only part of the noncompensables, as there were 9304 such cases in insured hraci 
mining, and 17,276 in insured bituminous mining. The distribution in this table should hold good gets the 
foregoing totals. It is of interest because it is one of the few analyses made of any large number of noncompen- 
sable injuries in coal mining. 
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Department of Mines for the first eight 
months of 1943. The fatality rate for 
bituminous mining is reported as 1. 32 per 
million tons or “36 per cent better than the 

coal industry of the nation.’ Another 
recent Pennsylvania report states ‘there 
has been a steady decline for almost six 
months in the number of accidents reported 
to the Labor and Industry Department ”— 
this in spite of continued high employment 
in the state. 


SURVEY OF PRESENT SITUATION 


In looking over available material on 
this subject, I learned that in 1933 a very 
thorough and excellent presentation of this 

subject was made by Currie and Fene, of 
the United States Bureau of Mines. At first 
it seemed that anything I might say 
today would be more or less a repetition 
of what was said 10 years ago. However, it 
did seem desirable to attempt a thorough 
analysis at this time, in order to note what 
progress, if any, had been made in the past 
decade. This is especially true because 
safety clothing for mine employees was 
little used until 15 or 20 years ago. In 
addition to the paper by Currie and Fene, 
some excellent articles have appeared in 
the magazine Mechanizaiion, during the 
"year 1942. Some of this material was based 
upon records of the Coal Mine Section. 

In an effort to learn more accurately the 

place of safety clothing in the coal-mining 
‘industry, we sent letters to many of the 
larger operators in all coal fields. Replies 
were received from companies representing 
production of approximately ‘120,000,000 
tons. The questions asked and composite 
replies were as follows: 
1. What percentage of your employees 
wear hard hats, safety goggles and safety 
shoes? 

Most of the operators report 100 per cent 
use of hats and shoes. Most of the operators 
‘report that men on machines and certain 
‘inside and outside company men are 
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equipped with goggles. A few operators 
report that all inside employees have 
goggles. 

2. Are safety goggles worn at all times 
or only during use of certain hand tools? 
Do you continue to have eye injuries due 
to neglect in using goggles as required? 
What is your opinion of and experience 
with plastic eye shields? 

Only one operator reported use of goggles 
all of the time. Most operators require use 
in certain jobs that produce flying particles. 
All mines continue to have eye injuries 
due to failure to use goggles as required. 

Plastic eye shields have been tried at a 
number of mines on an experimental scale. 
At a comparatively few mines, they are 
provided for all employees. It is doubtful 
whether the employees in general use the 
shield any more readily than they use 
goggles. 

3. Are dust masks or respirators used in 
dusty occupations? | 

All mines are using respirators in certain 
dusty occupations—some more widely than 
others. 

4. What standards or specifications are 
followed in purchasing the foregoing items 
of protective equipment? 

Generally speaking, purchases are made. 
from established reputable manufacturers: 
of safety equipment, with no definite 
emphasis on specifications. Some operators: 
require that equipment be approved by 
the U. S. Bureau of Mines or meet the 
requirements of the National Bureau of 
Standards. 

5. Do your employees use gloves, and 
do you consider them essential to accident 
prevention? 

The use of gloves seems to vary from a 
small percentage up to 80 or go per cent. 
Some interesting comment on the use of 
gloves is recorded under Hand and Finger 
Protection. 

6. Could you furnish any statistics 
showing improvement in accident record. 
from use of foregoing items? 
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Only a few operators submitted any 
statistical data pertaining to injuries to 
part of body for which protection is 
afforded by safety clothing. Most operators 
felt definite improvement had been real- 
ized. Records for two groups of mines are 
given in Table 6. This exhibit is very 
convincing of the value of safety hats and 
safety shoes in greatly reducing injuries to 
head and toes. It also shows that eye 
injuries continue at a high rate, even 
though the means of prevention is in the 
employee’s possession. Furthermore, it 
shows a very large percentage of injuries 
to fingers, which I believe is true in all 
mines. 

I was surprised to learn from two large 
operators that hard hats were used by only 
50 per cent of employees, hard-toe shoes 
by 25 to 30 per cent and safety goggles were 
limited to a few company employees. One 
of these operators very candidly said: 
“Vou will see that safety clothing has been 
so sparsely used in our mines that we 
have no worth-while statistics on accident 
reduction. From time to time, we have had 
isolated examples of toes saved by safety 
shoes, goggles shattered and hard hats 
dented, but we continue to have many 
accidents, the severity of which would be 
materially reduced if such equipment were 
. . In this area, the use of protec- 
tive clothing has never had the support 
of the labor organization.” This last state- 
ment is not too startling, yet it is sig- 
nificant. For some time it has become 
increasingly difficult for operators to insist 
upon or compel compliance with desirable 
safety regulations. To an increasing degree 
the active support of labor organizations 
is being enlisted. Within the last year, 
definite steps have been taken to have 
labor representation on committees of 
national organizations concerned with mine 
safety. It is hoped that the proper interest 
and influence on the part of labor repre- 
sentatives will serve to restore and enlarge 


worn. . 


3 
a vital concern by workers for safety in all 
its phases. ; 


EXPERIENCE WITH THE VARIOUS ARTICLES 
OF PROTECTIVE CLOTHING 


Head Protection 4 


The need for head protection in the 
mines has been apparent for many years. — 
It was not uncommon for miners subject — 
to falling particles to pad their old canvas 
hats, which acted as shock absorbers. It 
also seems commonly accepted that great : 
impetus to head protection was afforded 
after the first World War, when it was 
definitely known that many lives had been | 
saved by the use of the steel helmet in the 
armies. Hard hats began to appear soon 
after the war and were being tried out in 
many places throughout the industry. 

It was some time before there was any 
definite realization as to just what a hat 
should be able to withstand in impact; also 
before there was a general realization that 
a hat could and should be so constructed 
as to be proof against electric shock, 
because with the almost universal use of 
electricity in the mines, contact with 
exposed wires was rather common. 

In the years 1932 and 1933, the Coal 
Mine Section worked with a number of hat 
manufacturers for the purpose of drawing 
up satisfactory standards for protective 
hats. By that time, a satisfactory material 
had been evolved that would withstand 
considerable impact and a fairly heavy 
electric charge. An important feature that 
had to be evolved was the proper cushion- 
ing inside the hat, which would guarantee 
that a heavy blow on the head would not 
be transmitted directly to the skull. An- 
other important construction feature was 
the elimination of metal through the hat, 
which would conduct current from the 
outside to the inside and thus to the wearer. 
These problems were satisfactorily worked 
out and a number of manufacturers are 
making hats that conform to the standards 
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drawn up at that time. These standards 
appear in the latter part of this paper. 
Testing of these hats is conducted by an 
employee of the Coal Mine Section at the 
laboratories of the Experiment Station of 
the Bureau of Mines at Pittsburgh; where 
proper facilities have been provided. The 
manner of testing for impact is set out in 
detail in the standards. In testing for 
electric resistance, a sheet of tin foil is 
put over the wooden block and another 
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various times and places. An interesting 
example of this opposition is contained in a 
letter to the Pennsylvania Insurance Com- 
missioner in August 1933 from a prominent 
attorney in western Pennsylvania: 


Many groups of miners in this district have 
registered complaints with me in regard to 
safety hats’ or caps which coal operators are 
forcing them to wear during the entire time 
spent inside the mine. The complaints show 
that in many cases the wearing of these safety 


TABLE 6.—Disabling and Nondisabling Injuries 


Head Eye Finger Toe 
Year _ , A é : 
ercentage ercentage ercentage ercentage 
Number of Total Number of Total Number of Total Number of Total 
(1) (2) (3) (4) (5) (6) (7) (8) (9) 
Company X. 100 Per Cent Hats, Shoes, Goggles about 1930 
1928 420 7.47 464 8.25 1,183 21.02 275 4.89 
1930 387 8.23 478 10.17 I,127 23.91 245 5.21 
1932 107 7.08 118 7 Od 482 31.90 47 eine ad 
1934 233 8.27 199 7.06 732 25.97 126 4.47 
1936 116 2.50 292 6.29 1,180 25.40 166 3-57 
1938 45 2.38 142 Tass 492 26.00 80 4.23 
1940 108 2.80 301 7.81 815 21.14 129 3.35 
1942 126 2.09 559 9.29 1,377 22.89 163 2.77 
Company Y. 100 Per Cent Hats 1934; Shoes Increasing Year to Year—oo Per Cent in 1942; Goggles 
' Complete 

1928 123 6.05 2ir 10.38 573 28.18 140 6.89 
1930 tobe 7.69 142 12.00 287 24.26 65 5.49 
1932 55 8.41 73 II.16 168 25.69 45 6.88 
1934 29 4.69 80 12.94 170 27.51 33 5.34 
1936 6 0:95 160 25.36 134 21.24 28 4.44 
1938 4 0.93 67 15.58 I5I 33-13 15 3-49 
1940 9 1.79 17 15.34 160 31.87 15 2.99 
1942 6 1.81 85 25.60 89 26.81 10 3.01 


sheet over the crown of the hat and current 
is then stepped up until the proper voltage 
is arrived at and connection is made to the 
foil underneath and on top of the hat. This 
test is conducted with a dry hat and then 
the hat is thoroughly wet, in order to 
simulate the condition that arises when a 


__worker perspires freely. 


Ch OSes 


The original hats were heavier than hats 
in use at the present time and were not as 
well cushioned, and, therefore, not as 
comfortable. It was some years before 
miners generally felt that the hat was not 
burdensome. In fact, there was a great 
deal of opposition to the use of the hat at 


hats or caps has resulted in serious physical 
injury to the wearer. 
I have found no provision in the laws of this 


Commonwealth which requires miners to 
submit to the wearing of these safety hats or 
caps. However, under Item 2 of General 
Safety Standards contained in the Pennsyl- 
vania Bituminous Coal Mine Compensation 
Rating Schedule 1933, as approved by you, 
reads as follows: 

““(a) Safety Hats or Caps. All inside em- 
ployees shall wear safety hats or caps approved 
by the Bureau, during the entire time spent 
in the Mine.” 

Will you kindly advise me what recourse 
the miners have in case they wish to take 
issue with this requirement? 
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In reply, this attorney was informed of 
the great number of accidents of record in 
the insured bituminous mines in Penn- 
sylvania, which provided the basis for 
credit in the workmen’s compensation 
insurance rate where proper protection was 
given. In addition, this was written to him: 


Permit me to point out to you what a fine, 
humanitarian and noble work you, as counsel 
for a group of miners, could accomplish with 
this information by pointing out to them that 
the inclusion of these items in our Rating 
Schedule is primarily for their personal safety 
and protection and that it is to their own 
advantage to use this safety equipment. 

Your letter raises a question in which we are 
very much interested, namely, that the use of 
hard hats has caused “‘serious physical injury.” 
We have no record of such injuries and are 
very anxious to obtain authentic data on such 
accidents. Will you cooperate with us by 
furnishing such record? 


We did not receive any information as 
to injuries caused by the wearing of hard 
hats. We have reason to believe that the 
appeal to him had some effect because 
opposition on the part of the workers 
seemed to diminish very rapidly. 

It is my opinion that the use of approved 
hard hats has been a most important factor 
in preventing many serious and fatal 
accidents. There is hardly an operator who 
does not know of one or more instances in 
his own mine or mines in which accidents 
have occurred and in which the hard hat 
very definitely: prevented either a serious 
or a fatal injury. A few examples taken at 
random are the following: 

From Utah: A coal driller received a 
blow on the top of his hard hat from a 
slab of coal 3 in. thick, weighing about 
4o |b., and falling a distance of 12 ft 
The impact knocked him down, causing 
slight abrasions of shoulder and thigh and 
necessitating loss of two days work. The 
injured believes the hat prevented a 
fractured skull. 

Open-pit mining: Working on a powder 


hole, a man wearing a hard hat was struck 
by 22 lb. rock that fell 20 ft. He was 
knocked down and suffered a very slight 
head fracture and a broken shoulder. He 
was back on the job in six weeks. Without 
safety. hat protection, undoubtedly this 
would have been a fatal accident. 

In a paper in 1936,! the late John T. 
Ryan, Sr. estimated the number of hard 
hats in the coal-mine industry to be 60 to 
65 per cent. Today it is estimated that in 
the anthracite field 90 to 95 per cent of 
employees use hard hats and throughout 
the bituminous regions 80 to go per cent 
use them. This estimate is based upon 
information from manufacturers and a 
considerable number of large coal-mining 
companies. 

A standard safety hat is expected to last 
four or five years, on the average. But many 
hats are in use that have been damaged by 
blows of various sorts or in which the 
lining is badly worn. Such hats will not 
afford the desired protection. Inspections 
should be made at regular intervals and 


‘hats should be kept up to standard. 


Eye Protection 


Without doubt, the National Society 
for the Prevention of Blindness has gone 
into the matter of eye protection in indus- 
try more thoroughly than any other 
group. In a recent issue of Mechanization, I 
find that this Society estimated the number 
of unnecessary eye injuries in American 
industry to be over 300,000 per year. 
Approximately 20 per cent, or 60,000, are 
compensable, having an estimated cost of 
$100,000,000. 

In the state of Ohio there is recorded a 
total of 220,785 injuries in 1926. Of this 
total, 43,038, or 19.5 per cent, were to the 
eyes. In 1935, the total reported injuries 
were 164,572, of which 29,536, or 17.9 per 
cent, were to the eyes.” In a general way 

1j. ‘Ryan: Recent Advances in Mine 
Safety Practices and Equipment. Min. and Met. 


(March 1937) 18, 151. 
2J. W. Beall: Eye Injuries in Ohio Industry. 
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these figures substantiate the total of 
300,000 industrial eye injuries per year. In 
the mining industry of Ohio, improvement 
in the record of eye injuries may be noted 
from the fact that in 1930 there were 800 
compensable eye injuries in the production 
of 22,035,674 tons of coal, while in 1942 
there were 757 such injuries in the produc- 
tion of 31,491,420 tons. 

Records of the Coal Mine Section, 
P. C. R. and I. Bureau, are shown in 
Table 7. 
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type of safety goggles all the time they 
are underground, and eye injuries have 
practically disappeared. 

At the present time it seems more diffi- 
cult than ever to enforce the use of goggles. _ 
A great many of the larger mines equip 
their men with goggles and instruct them 
how to use them but it is the experience in 
most of these mines that men will keep the 
goggles in their pockets or on the tops of 
their hats. 

There is no doubt that certain difficulties 


TABLE 7.—Compensable Eye Injuries, Insured Bituminous Mines in Pennsylvania 


1926-1930 1936-1940 
Data 
Number Days Lost Number Days Lost 
WEOESHOINE VG otc ety ob ok sears oe SDN ae woe eles 206 370,800 70 126,000 
Sibeemen ste Ve met, 8 eau on ee es ee ee I,218 36,540 550 16,500 
ovale eke. pee Mot aeay ct Wate slewaee ao pee fey auete trays, egeysu thes 1,424 407,340 620 142,500 
tons production’. ............. Sith TG oP aaa 310,211,600 137,202,918 
Compensable accidents per million tons........... 4.64 4.54 
ews 1OSt pen msulNONn FOUS. a. ls Smack het ee os cys wd T.313 1,038 


« Waiting period in compensation cases reduced from 10 to 7 days, Jan. I, 1928, so these two results are 


not exactly comparable. 


Several permanent total disabilities oc- 
cured each year, but are not included in 
Table 7. All were the result of premature 
blasts. It is possible that goggles would 
have saved one or both eyes in some of 
these cases. 

These statistics may seem rather sketchy 
and there is little or no connection between 
the various groups covered. They do serve 
to show most decidedly that eye injuries 
are still occurring in great numbers. 
Throughout the coal-mining industry, it 
is doubtful whether any great improve- 
ment has been made in preventing eye 
injuries during the last 1o years. It is 


- undoubtedly true that a great many men 


have been equipped with goggles but it is 
likewise true that the majority of these 
men do not use them all of the time and 
frequently fail to use them even when 
engaged in work that entails flying par- 
ticles. A few mines have been able to 
induce their men to wear the spectacle 


exist in mines that are not present in 
surface operations. Temperature, humidity 
and dustiness may make it virtually 
impossible to keep goggles dry and clean. 
However, a number of mines use water and 
wetting agents and thereby reduce the 
dustiness at the face to a minimum and 
make the use of goggles more feasible. 

It is quite possible that the operators 
have exerted all the pressure and influence 
they can in promoting this safety feature 
and that better results will come only 
when miners and their leaders are con- 
vinced of the necessity of undergoing some 
slight inconvenience in wearing goggles in 
order to derive the much greater benefit 
of the saving of sight. 

Goggles are not always adapted to the 
wearers, but at some mines a thorough 
examination is made of employees with 
the idea of being able to correct their vision 
where correction is needed. An instance 
that has been referred to on more than 
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one occasion is that of the Union Pacific 
Coal Co., which undertook to provide 
corrective eye protection in the year 1933. 
Out of 1742 men examined, only 25 per 
cent had normal vision. Over 28 per cent 
were found to have major defects. Similar 
results have no doubt been found since 
then or even before by other operators, yet 
it seems the fact that the majority of 
miners who are fitted with goggles do not 
first have a thorough eye examination. The 
importance of this can hardly be over- 
emphasized today, when older men are 
replacing younger men who have gone out 
into the Armed Services or into other 
industry. Many of these older employees 
have impaired vision and would profit 
greatly by corrective lenses for use in 
underground work. 

As an indication that the proper use of 
goggles will prevent eye injuries, the follow- 
ing examples, published in Mechanization, 
seem to offer conclusive proof: 


Company A, in the Rocky Mountain region, 
adopted goggles Nov. 1, 1935, no one being 
permitted underground without goggles after 
that date. Over a 5-year period the company 
showed a reduction of 75 per cent in the 
number of eye injuries and an 84 per cent 
reduction in eye injuries per million man-hours. . 

Company E, in West Virginia, over a 3-year 
period, experienced a reduction of 63 per cent 
- in the number of eye injuries and an 80 per cent 
reduction in eye injuries per million tons. This 
cut their compensation costs for such injuries 
84 per cent. ‘ 

Company I, Pennsylvania anthracite, 
adopted goggles on an extensive scale in 1939. 
From 1938 to 1941 they showed a reduction 
in the cost of eye injuries of 82 per cent and a 
reduction of 84 per cent in the cost of eye 
injuries per ton. 


A prominent safety director expressed 
an interesting observation in relation to 
eye injuries. He said ‘that some years 
ago most men on coal had three or four 
picks, which usually were well pointed and 
sharpened. The tendency now is to have 
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one or two picks, often with dull and blunt 
points. It stands to reason that a dull 
pick will cause more flying particles of 
coal or rock and thus increase the chance 
of eye injury very decidedly. A bad practice 
such as this may offset much of the 
improvement gained by years of effort to 
furnish and use eye protection. 

Plastic eye shields can be used instead 
of goggles. Improvement in plastic mate- 
rials can be looked for which will overcome 


objections raised as to scratching and dis- 


coloring. One thing is certain, these shields 
do furnish much protection from flying 
particles that may cause scars and dis- 
figurement. This is particularly true in 
Pennsylvania anthracite mining, where 
cuts from flying coal are very common. In 
insured anthracite mines during the three 
years 1940 through 1942, there were 5150 
compensable injuries having a total in- 
curred compensation of $1,471,409. Of 
this number, 630 were cases of disfigure- 
ment with incurred compensation of 
$62,273, and the average award was for 
6 weeks. 


Foot and Toe Protection 


Ten years ago safety footwear had just 
been well standardized and mine employees 
had not long been afforded this protection. 
Because of the more rugged type of con- 
struction and the rigid toe cap, it is 
important that safety shoes shall be well 
fitted to the wearer. At first there was not 


‘ sufficient variety in sizes, and poor fitting 


caused discomfort and aroused opposition; 
but that was corrected as the sales in- 
creased. Recently, one large shoe manu- 
facturer said that “the demand for all 
types of safety shoes has greatly exceeded 
the supply.” Perhaps that is due now to 
the scarcity of shoes for civilians, but it 
should be remembered that mine workers 
can secure orders for the necessary safety 
footwear. 

Most of the large operators report that 
all employees have safety shoes, but this 
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is far from true in medium and small 
mines in Pennsylvania and probably in 
similar mines in all states. Improvement in 
this respect in this group of mines again 
devolves upon state and insurance com- 
pany inspectors. 

It would seem that toe accidents are 
most easily prevented. And in preventing 
injury to toes, often the force of a falling 
object is so diminished that although the 
foot may be involved it is not injured. In 
this connection, there is a word of caution 
or a discordant note. It seems that many 
employees have had objects—chiefly rolling 
slate or coal—strike their toes with no 
hurt or discomfort. Eventually they be- 
come careless and make little effort to get 

their feet away from such falling objects, 

with the result that the whole foot is 
covered and they sustain fractures of the 
metatarsals. Several safety directors have 
found that costs of foot injuries have 
increased materially on this account. 
They also report bad practice of resting 
heavy timbers, etc., upon the toe of the 
shoe, with resultant damage to it. 

In most mines, as the use of safety shoes 
increased the number of toe injuries 
greatly decreased. Companies keeping 
detailed records show 50 to 75 per cent 
reduction. Usually the steel toe withstands 
far more than specified; there are records 
of 5,000 to 10,000-lb. loads that damaged 
the shoe more or less but left the toes 
untouched or only slightly injured. 

It is interesting to note that the War 

‘Production Board, in an amended edition 
of Conservation Order M-217, issued Oct. 
18, 1943, required that safety shoes should 
be manufactured only in accordance with 
the ‘American War Standards Specifica- 
tions. for Protective Occupational Foot- 


wear, published by the American Standards 


Association.” This is because the high- 
grade leather in a durable shoe and the 
high-grade steel in the toe box are critical 
materials. It also gives due recognition to 
the importance of safety shoes in the war 
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effort, through the prevention of many 
lost-time accidents. 


Hand and Finger Protection 


Most statistical records indicate that 
hands and fingers—especially fingers—are 
more often injured than any other part 
of body. This is especially true in insured 
bituminous mines in Pennsylvania, as 
shown on Tables 4 and 5. No doubt a 
certain amount of protection is afforded at 
present, or these injuries would be still 
greater in number. Most injuries to the 
fingers are slight, but they often become 
infected, with serious and occasionally fatal 
results. 

Several safety directors gave the follow- 
ing opinions regarding the use of gloves: 


In handling material and tools, it is much 
safer to use gloves. Many injuries to feet and 
legs or from falling are due to insecure holding 
with a bare hand. In low coal, where men must 
crawl on hands and knees, knee-pads and 
gloves are indispensable. Gloves are vital to 
accident prevention but must be matched to 
job requirements. 

Our hand-loading employees as a rule do not 
like to wear gloves. The frequency of hand 
injuries due to the lack of hand protection is 
high, but as a rule these are not too serious. 
Hand protection should be used. 

It is my opinion that the type of loose 
fitting, poorly formed canvas and other com- 
position glove materials manufactured for the 
purpose of retailing at a low cost, promotes 
finger injuries and the extent of injury to a 
more serious degree than would occur if no 
gloves were worn; however, I believe that if a 
comparatively neat fitting glove made from 
appropriate grades of leather or other service- 
able materials were available at a reasonable 
cost, finger injuries would be materially 
reduced. 


There was very definite opposition to 
the use of the gauntlet-type glove, espe- 
cially in connection with any work around 
machinery or haulage. 

There is little to be added to the opinions 
just quoted. The need for hand and finger 
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protection is all too obvious.: If suitable 
gloves are available, employees should not 
be without this safeguard. 


Protection from Dust 


In recent years most of the mining states 
have adopted laws that provide compensa- 
tion for silicosis. To guard against the 
incidence of silicosis, wet drilling is gener- 
ally used, Where this is not done, it has 
become imperative that dust masks be 
used. It is also highly desirable that dust 
masks be used by haulage employees on 
main hauls using considerable sand on the 
rails as well as by employees handling sand 
at driers. Workers in very dusty occupa- 
tions, such as cutting, or at loading points 
inside or at tipples, are more and more 
inclined to use dust masks. The filtering out 
of enormous quantities of coal dust from 
the air does contribute to healthy lung 
condition and lowers the incidence of lung 
diseases among mine employees. 


Self-rescuers 


The self-rescue mask may not be strictly 
an article of safety clothing, yet many 
safety directors believe that it is an 
essential item of protection for every under- 
ground employee. 

The U. S. Bureau of Mines reports that 
about half of the persons who lose their 
lives in mine disasters are killed by the 
afterdamp. A large proportion of these men 
could reach safety if they were able to 
pass through the area filled with the poison- 
ous fumes. 

Some instances are on record where lives 
have been saved by self-rescuers after 
explosions and mine fires. If all men were 
so equipped—and their self-rescuers were 
in the working place at all times—the 
possibility of saving lives in these emergen- 
cies would be greatly increased. The pos- 
session of a self-rescuer should give the 
miner a greater sense of security. The 
Bureau of Mines puts it very well when it 
says, “the self-rescuer is a life saver for 


the miner, and self-rescuers are as essential 
in mines as life preservers on ships.” 


Other Protective Clothing 


Loose, ill-fitting, baggy or torn clothing 
should not be worn, for it is liable to be 
caught in moving machinery or by mine 
cars. In the latest publication of the 
Pennsylvania Department of Mines, for 
September 1943, is recorded a fatal 
accident from this cause, as follows: “He 
was oiling the fan shaft bearing, wearing a 
sweater which had frayed sleeves. It is 
evident that the sleeve caught on the shaft 
and his body was pulled into the shaft.” 
One safety director sums this up in the 
following statement: 


All of our employees are required to wear 
close fitting clothing and all of them tie the 
bottoms of their trousers either with tape, 
bicycle clips or rubber bands. We have had 
two accidents from men tying their trouser 
legs at the ankle and causing a loose blouse 
at the knee, which caught on some machinery. 
Since then, trousers are tied at the knee also. 
Ofttimes this protection is afforded by the 
use of leggings. 


Men who work in low coal and are on 
their knees much of the time are subject 
to pain and swelling of the knee, which 
may become chronic. This condition is 
compensable in most states, either under 
the Workmen’s Compensation or Occupa- 
tional Disease Laws. Soft, durable knee 
pads are available for this type of work 
and are widely used. 


SPECIFICATIONS FOR SAFETY CLOTHING 


The National Bureau of Standards has 
set up specifications and tests for safety 


hats, goggles and respirators in its hand- 


book H-24—American Standard Safety 
Code for the Protection of Heads, Eyes 
and Respiratory Organs. These codes were 
first issued in 1921 and the latest revision 
was in 1938. 
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In 1943 the American Standards Associ- 
ation established the American War 
Standards code for safety shoes—Specifica- 
tions for Protective Occupational Footwear. 

Both of these codes are detailed and 
lengthy. However, the Coal Mine Section 
has specifications for safety hats, goggles 
and shoes in its Coal Mine Standards. 
These were first set up in 1932 and are in 
use today with little change. They are 
offered here as brief, workable specifica- 
tions, sufficient to cover the practical 
requirements of the coal-mining industry. 


Safety Hats or Caps 


Definition.—The term ‘‘safety hat or cap” 
shall mean any hat or cap, by whatever name 
it may be known, that is made of such material 
and in such a manner so as to afford protection 
to the head from blows, falling objects, electric 
shock, etc., and be worn by men at work with 
a reasonable degree of comfort. 


A. Types: 
A-1. Hats or caps with a complete 
brim. 
A-2. Hats or caps with one or more 
visors. 


A-3. Any combination of a hat or cap. 
B. Materials and Workmanship 

B-1. Materials used in the manufac- 
ture of a safety hat or cap shall be suit- 
able for the particular type, light in 
weight, water resisting, acid resisting 
and durable. 

B-2. The materials of the lining and 
the hammock or cradle shall be of the 
best quality and strength. The assembly 
shall be so as to give the maximum pro- 
tection and comfort to the wearer. 

C. Construction 

C-r. All parts of a safety hat or cap 
shall be so assembled that those parts 
coming in contact with a man’s head 
shall have a dielectric strength to with- 
stand 750 volts for at least one (1) 
minute. 

C-2. The lining of a safety hat or cap 
shall be so assembled that there shall be 
a cradle or hammock to support the 
complete hat or cap on the wearer’s 
head. This cradle or hammock shall be 


constructed so as to be fully adjustable. 
When this cradle or hammock is properly 
adjusted, there shall be at least one inch 
of space between the top of the wearer’s 
head and the top of the inside of the 
crown. It shall be affixed to the hat or 
cap in a strong and substantial manner. 

C-3. The safety hat or cap shall be so 
constructed as to comply with the follow- 
ing test: When mounted on a wood block 
similar to the position on a man’s head, 
it shall withstand a pressure blow from 
an 8-pound iron ball (approximately 
4 in. in diameter) dropped vertically 
on to the center of the crown from a 
height of five (5) feet without denting or 
breaking sufficiently to touch the wood 
block. The cradle or hammock shall 
withstand the impact from this same 
blow without breaking or forcing hat or 
cap down over the head. 

C-4. All safety hats or caps shall be 
fire resisting. 

C-5. The safety hat or cap shall be so 
designed and constructed as to give the 
required protection and be worn with a 
reasonable degree of comfort. 


Safety Goggles 


. Types 


A-1. The cup type goggle and/or its 
modifications. 

A-2. The spectacle type goggle and/or 
its modifications. 


. Materials and Workmanship 


B-1. Materials used in the manufac- 
ture of goggles shall be suitable for the 
purpose, of enduring quality, capable of 
being sterilized without deterioration and 
nonirritating to the skin when subject to 
perspiration. 

B-2. All metal materials used shall be 
corrosion resistant. 

B-3. Nitrocellulose or materials equal- 
ly inflammable shall not be used. 

B-4. Materials used shall be such as to 
combine mechanical strength and light- 
ness of weight to a high degree and work- 
manship shall be the best throughout. 

B-s. Where cup type goggles are used, 
the cups shall be ventilated. The edge of 
the eyecup shall form a cushion at least 


374 in. in facial contact width and shall 
be so designed as to prevent cutting of 
the face. If metal eyecups are used, the 
facial contact edges shall be bound with a 
cushion at least 34¢ in. in facial contact 
width and shall be so designed as to 
prevent cutting of the face by contact 
with the metal cup edge. This binding 
shall be non-flammable. 

B-6. Head bands shall be of good 
grade, at least 3g in. wide. They shall 
be adjusted to length and shall be fast- 
ened to the eyecups or goggle in such a 
manner as to be easily replaced and shall 
not interfere with the facial fit of the 
eyecups. 


C. Lenses 


C-1. All lenses shall be made from a 
single solid glass plate of a quality suit- 
able for optical use and shall be capable 
of passing the test as to quality, visibility 
and shock resistance of the Department 
of Standards of the Federal Government. 

C-2. The strength of all lenses shall be 
such as to comply with the drop ball tests 
as required by the Department of Stand- 
ards in the Federal Government 
specifications. 

C-3. The optical surfaces of all lenses 
shall be free from visible surface defects. 
They shall be ground or polished on both 
sides. They shall not be effectively out 
of parallel. All lenses shall be suitable 
for continuous use by the wearer without 
discomfort or optical impairment to the 
normal eye. » 

C-4. All lenses in every type of goggle 
or eyecup shall bear some permanent dis- 
tinctive marking by which the manufac- 
turer may be readily identified. 

. General 

D-1. The specifications herein set out 
in Items A to D are abridged from the 
_ National Bureau of Standards Handbook 
H-24, American Standard Safety Code 
for the Protection of Head, Eyes and 
Respiratory Organs, issued Nov. 1, 1938. 
. Use 

All employees, when using hand tools, 
shall wear safety goggles. 

The term ‘“‘hand tools” shall mean all 
hand tools except shovels used in and 
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about a mine. This includes hammers, 
chisels, hatchets, axes, saws, picks, bars, 
wrenches, jack hammers, air drills, emery 
wheels, and all kinds of tools, whether 
the same requires one or two hands 
in their practical use. 


Safety Shoes 


Definition.—The term ‘Safety Shoes” shall 
mean any shoe, boot or pac that has a protec- 
tive toe cap inserted in the toe so as to give a 
reasonable amount of protection to the foot. 

A. Types 

A-1. Leather shoe, boot or pac. 

A-2: Rubber shoe, boot or pac. 

A-3. Any combination of leather and 
rubber shoe, boot or pac. 

"B. Materials and Workmanship 

B-1. Materials used in the manufac- 
ture of ‘‘safety shoes’’ shall be suitable 
for the particular type and of high grade, 
so as to give the maximum service. 

B-2. The protective toe cap shall be 
constructed of material that will not be 
affected by heat or moisture conditions. 

C. Construction 

C-1. The protective toe cap shall be so 
inserted in the shoe that it becomes an 
integral part of the shoe and shall not 
be a floating cap, or what may be styled 
an appendix to the original shoe. 

C-2. The protective toe cap shall be 
arched or shaped and inserted so as to 
withstand 3000 lb. compression and 
50-ft.-lb. impact, as set out in American 
War Standards test of safety shoes. 

C-3. The protective toe cap shall be 
large enough to cover at least three toes. 

Note: Some protective toe caps are arc 
shaped and long enough to cover all 
five toes. 


CONCLUSIONS 


Best results have been achieved in the 
use of safety hats, probably because often 
serious and fatal injuries have been pre- 
vented by such hats and therefore the men 
are anxious for this protection. 

The use of safety shoes has been increas- 


‘ing in a satisfactory manner. However, it 
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should be the aim of the coal-mining 
industry to have every employee wear 
safety hat and shoes. 

The experience with goggles has been 
disappointing. There is a wider distribution 
of goggles but no greater use of them than 
for some years previous. Until employees 
are more concerned as to the utter loss 
entailed when sight is gone, they will 
continue to risk and to have many needless 
eye injuries. 

Dust masks and gloves are being used 
where necessary by many men. Care is also 
being given to the general wearing apparel. 
It is to be hoped that the men themselves, 
in the not too distant future, will seek and 
demand every possible protection afforded 
by safety clothing. 


DISCUSSION 
(Richard Maize presiding) 


J. T. Ryan, Jr.,* Pittsburgh, Pa—lI think 
Mr. Berner has prepared an excellent paper in 
a difficult field. Statistics of all kinds are avail- 
able these days, but it appears that accurate 
and reliable statistics in the field of safety are 
often very difficult to obtain, particularly in 
such a specialized subject as just what accidents 
have been prevented by the use of safety 
equipment. 

I think also that Mr. Berner has been unduly 
modest in not emphasizing the work of the 
Pennsylvania Compensation Rating Bureau 
in the scheduled credits they have established 
for the use of safety equipment. This is a very 


’ excellent practice and one that has contributed 


greatly to the progress of safety in the smaller 
and medium sized mines in the state. It has 
been a very worth-while step. 

In reviewing Mr. Berner’s paper, I was im- 
pressed by the number of companies reporting 


‘that they had their men roo per cent equipped 


with safety shoes, protective caps and goggles. 
Yet it was commented upon in the paper, and 
it is obvious from these figures, that the use of 
goggles has not led to the same proportionate 
reduction in eye injuries as have protective 
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caps and safety shoes in head injuries and toe 
injuries. 

I doubt if the actual use of goggles is nearly 
as high a percentage as shown by these figures. 
In other words, goggles may be furnished to 
all the men in a mine but at the point of an 
accident perhaps only some of the men are 
actually wearing goggles; whereas it is reason- 
able to assume that almost all the men that 
have’ shoes and protective hats use them. 
There may be a sound basis for this. Most of 
us wear hats and shoes, and it is more likely 
that the men through custom will wear pro- 
tective hats and safety shoes, particularly 
since their weight has been reduced and their 
wearing comfort has been increased. In any 
event, they are much more difficult to set aside 
than are goggles. You can put goggles in your 
pocket or push them up on your forehead, but 
it is a little more difficult to dispose of a pro- 
tective hat or a pair of shoes. 

Mr. Berner has mentioned this problem of 
the use of goggles, and it is a serious one. I 
believe it leads to a broader problem today— 
the problem of vision generally underground. 
A great many people are taking decided inter- 
est in that problem today. The increasing use 
of mechanical equipment underground has 
brought many mining operations more closely 
to approximating factory or manufacturing 
conditions in general, and the problem of vision 
is receiving greater attention. Although better 
lighting through the use of improved electric 
cap lamps is a contributing factor to better 
vision, many companies provide for eye ex- 
aminations and, where necessary, underground 
employees are fitted with prescription goggles 
with hardened protective lenses. The Union 
Pacific Coal Co. some years ago undertook a 
broad program along these lines, and I believe 
that could be followed with success by a great 
many other mining companies. 

Face shields were mentioned. These are 
plastic and as yet there have been no definite 
standards in this field. Committees are working 
on that. But there has been such an advance 
in technology in the plastics industry that I 
believe we can hope for continued progress in 
the application of transparent protective 
plastics to the problem of eye protection under- 
ground. This may in some measure provide the 
answer to the problem of eye injuries, which is 
a serious one. 


138 


J. J. Rurtepce,* Annapolis, Md.—Mr. 
Berner’s paper contains a great deal of factual 
tabulation that should be made available to 
coal mining officials and state mine inspectors. 
He has had access to valuable sources of reliable 
information, and is to be commended for 
collecting and tabulating the data. 

When a coal company has provided, or is 
ready to provide, at cost or less than cost, 
goggles, hard hats, hard-toed shoes, the em- 
ployees should do their part in the adoption of 
these safety measures. However, it is sometimes 
difficult, or actually impossible, to secure the 
active cooperation of the employees, and some- 
times of the operators, in the introduction of 
these devices. 

For example, in our state there are two 
machine mines operating in the same seam and 
adjoining each other. In one of these mines 
the miners wear hard hats, electric cap lamps 
and hard-toed shoes, and, to some extent, 
goggles. In an adjoining mine—in the same 
seam, be it remembered—the miners and mine 
workers absolutely refuse to adopt these safety 
devices. The success of the effort in the first 
mine is largely due to the diplomacy and safety 
mindedness of the foreman. 

In another mine, which is just about five 
years old, the young foreman and superin- 
tendent, both of whom are products of the 
Maryland hight mining classes, decided when 
the mine was opened that no employee should 
enter unless he was equipped with electric cap 

‘lamp, hard hat and hard-toed shoes, and this 
mine is roo per cent equipped. Incidentally, 
it is one of the most efficiently operated mines 
in the state. 

Another large mine, belonging to one of the 
largest companies, has had electric cap lamps 
on hand for a long time but has not been able 
to secure their adoption. Both of these mines 
operate in relatively thin coal seams. 

The plastic eye guard is one of the best 
safety devices that has been introduced in 
mines in recent years. Not long ago the writer, 
while passing a marble-cutter’s yard, noticed 
the proprietor cutting a piece of sandstone, 
rounding it into shape to serve as a cornerstone. 
This was a hurry-up job and the work was 
being done in a yard fronting on the principal 
street of the mining town. The stonecutter was 
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not wearing goggles. The writer, knowing him 
quite well, spoke to him about the danger he 
was running in cutting stone without goggles 
and the risk he was taking, but the stonecutter 
stated that this was a hurry-up job and the 
government wanted it in a hurry. About two 
weeks afterward the writer passed the same 
yard, saw the same stonecutter at work and 
spoke to him, and noticed that the cornea in 
his left eye was wilted, and on inquiry learned 
that the stonecutter had lost the sight of the 
eye, a chip having flown into it while he was at 
work. 

Another instance is that of a young woman, 
a seamstress working in a clothing store, who 
was severely burned by an explosion of natural 
gas. At the time of the accident she was wear- 
ing ordinary spectacles. Her body was nearly 
covered with first; second and third degree 
burns. She was hospitalized but died about 
four or five days afterward. The surgeon in 
charge assured the writer that had the young 
woman survived the burns, she would have had 
full use of her eyes because she was wearing 
glasses. He remarked that during all the time 
he was treating the burns her eyes never lost 
sight of his hands. 

Two young men in a fire-clay mine were 
mucking out fire clay blasted by a previous 
shift, and started their jackhammers before all 
the loose fire clay had been shoveled out. They 
were being rushed for clay. The drill struck 
an unexploded charge and both the men suf- 
fered damage from the blast. One of them had 


eight punctures through the right eyeball. - 


The helper was badly shocked but his eyes 
were not seriously damaged. These men were 
taken immediately, a distance of 150 miles, 
to a hospital and were given the best surgical 
treatment that was available in-the city. The 
writer visited them in the hospital. The eyes 
of both men were covered and the one with 
the punctured eyeballs said, “Oh! we made a 
mistake.” This man lost the sight of both eyes. 
He can detect the difference between night and 
day but that is all. Had he been wearing a cap 
equipped with a plastic eye guard, or with 
ordinary goggles, in all probability he would 
not have lost his sight. 


E. McAutirre,* Omaha, Nebr.—I have not 
had an opportunity to read Mr. Berner’s paper 
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in full. Glancing at it, I have no hesitancy in 
saying that it is a masterful review of the 
safety situation. 

I wish however to bring you a word of en- 
couragement. There must be something wrong 
with the attitude of mind of the average 
operator toward this safety question; otherwise, 
more would be accomplished. I had consider- 
able concern about what was to happen on our 
properties in the last couple of years where we 
have had a labor turnover of rr5 per cent. 
Perhaps 30 per cent of the men that we are 
forced to employ—and they all came certified 
by the War Man Power Commission—were 
either partially moronic or psychopathic and 
definitely difficult to deal with. Nevertheless, 
we have been able to put safety clothing on 
every last one of them. Some of them stayed 
with us only two or three days and some men 
carried the clothing away with them. Others 
pawned it and went out of town on what they 
got for the second-hand clothing. But we have 
never deviated from our standard for one 
moment and that includes not only goggles, but 
goggles ground for sight correction. Many of 
these men did not stay until we could get the 
corrected goggles out to them, but the point I 
am making is that we have held to the principle. 

There is no man working in our mines that 
does not wear goggles. A man cannot work 
there without wearing the goggles. In the 
beginning we met with all sorts of resistance. 
We tried to handle the problem judiciously. 
The first thing we did was to put goggles on 
our foremen. Perhaps they thought they had 
to work for the company, as they had no union 
behind them, and they wore the goggles. 
When men who had the protection of the union 
—and sometimes it is good and sometimes it is 
bad—saw these men going along in the even 
tenor of their way wearing goggles, they came 
to the conclusion the goggles could not be so 
terribly bad and they started wearing them, 
and we had goggles on our property for five or 


six months before the order making the wearing 


of goggles mandatory was put out. On the 
morning the order was given, I can recall very 
well that A. W. Dickinson, now of the Mining 
Congress, who was the general superintendent 


on the property, was morally certain we were 
going to have a strike. But nothing happened. 


Every man wore his goggles and the order 
went through. 
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As I have said, we have had a desperate time 
in the last two years trying to maintain a labor 
force. Still, with 115 per cent turnover last 
year we have succeeded in keeping safety 
clothing on everybody and we produced an 
accident record of 91,600 man-hours of ex- 
posure to each’ lost-time accident. To compare 
that situation with the first 10 years I was on 
the property—and I am now in my twenty- 
second year—we then could not get above 
about 15,600 man-hours per accident. We are 
doing almost six times as well now. In the last 
couple of years we have dropped back from 
118,000, and in one instance 124,000 man- 
hours, to 91,600, but we are still doing pretty 
well. And I now serve notice on Mr. Dan Har- 
rington that we are out for the Sentinel of 
Safety Trophy this year, and we hope to get it. 
That is not, in my opinion, a fair basis of acci- 
dent comparison because it is applicable only 
to one certain mine. However I do not object 
to the method—the point is that I would 
rather prevent a lot of accidents in nine or ten 
mines than in one mine. 

T also think that the responsibility for safety 
rests not on the Bureau of Mines, not on the 
manufacturers that have done such commend- 
able work as Mr. Ryan’s company, originated 
by his father, whom most of us older men knew 
so well, but with the management of the 


~ property. 


Our change in man-hours per accident 
was really accomplished by working on the 
peculiar psychology of the miner. We started 
a lottery scheme, and it was really astonishing 
how the men responded to the chance to obtain 
an automobile or a cash prize by avoiding an 
accident when they had been indifferent to 
injuries to their bodies. 

I think that if a little more thought were 
given by management to the prevention of 
accidents, the opposition on the part of 
workers and the union, which is very real, 
could be overcome and betterment brought 
about. 


C. E. Berner (author’s reply).—Mr. 
McAuliffe has very definitely stated that this 
is a management proposition, and I think it 
has been for many years. I have suggested 
in the paper that it has become of recent years 
increasingly a problem of labor. The men are 
more assertive than heretofore. Some of you 
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know better than I the steps that have been 
taken to incorporate active participation on 
the part of labor organizations in the safety 
program. I do not just know who is the most 
active sponsor. I know Mr. Thomas Moses 
has given a good deal of thought -to that; and 
through the National Safety Council, the labor 
unions have not only been invited or urged 
but have accepted membership on various 
safety committees. That will také some time 
to filter down through the ranks and all of 
that work I presume has been more or less 


delayed by the very chaotic wage negotiations 
and situations in the last six months or more. 
I am not at all prepared to say that manage- 
ment has gone nearly as far as it can or should, 
but great help can be achieved through an 
educational program on the part of responsible 
labor representatives. It seems that the aver- 
age working man is far more ready to listen 
to his committee man or some organizer than 
he is to his foreman or superintendent. I want 
to re-emphasize that as being a real hope for 
the future. ' ; 
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The Recovery of Pyrite from Coal-mine Refuse 


By Davi R. MitcHett,* Memper A.I.M.E. 
(New York Meeting, February 1944) 


THE mineral pyrite (or marcasite) 
occurs in coal beds as balls, lenses, veinlets 
and bands. Several million tons are wasted 
annually on the refuse dumps from coal 
mining and coal-preparation activities. 
Sporadic attempts have been made in the 
United States to recover this pyrite for 
manufacture of sulphuric acid but only a 
few plants have succeeded in recovering it 
on a commercial scale. 

Several chemical companies 
East became concerned about supplies of 
pyrite early in 1943, but by late summer of 
that year the situation had eased. 

If for no other reason than national 
security and self-sufficiency during war- 
time, methods of recovering pyrite from 
coal-mine refuse should be worked out and 
made available to coal-mine operators who 
are potential producers of pyrite. Eastern 
sulphuric-acid plants are particularly likely 
to have their sources of raw material 
blocked by war conditions, so that special 
studies to determine where supplies of 
pyrite can be obtained for these plants 
from inland sources are desirable. 

Davis’s! summarization of conditions 
- during World War I gives the following 
facts: During those years, the shortage of 
pyrite became acute. Shipments of hand- 
picked pyrite were made from a number 
of coal mines in Illinois, Indiana, western 
Kentucky, Ohio and Pennsylvania. A 
mechanical concentrating plant for sepa- 
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rating pyrite from picking-table refuse was 
built at Danville, Ill, and operated for 
several years, and a small pyrite-concen- 
trating plant treating washery refuse near 
Gillespie, Ill., operated for several months 
in 1918. The Consolidation Coal Co. of 
Fairmont, W. Va., constructed and oper- 
ated a sulphuric-acid plant using pyrite 
recovered from coal-mine refuse. The 
U. S. Bureau of Mines during 1917-1919 
made a comprehensive survey of pyrite- 
production possibilities from coal mines 
and estimated that there was a potential 
yearly production of 435,000 tons from 
Ohio and Pennsylvania and 928,000 tons 
from Kansas, Missouri, Iowa, Illinois, and 
Indiana mines. This estimate included only 
mines that could produce one per cent 
or more of their coal production as pyrite 
containing a minimum of 4o per cent 
sulphur. 


PYRITE PRODUCTION 


According to the Minerals Yearbook,? 
approximately 660,000 long tons of pyrite 
was produced in the United States in 
1941, with an average sulphur content of 
42 per cent. The average value f.o.b. mines 
was $3.09 per long ton. Spanish pyrite, 
48 per cent sulphur minimum, was quoted 
at 12 cents a unit c.i.f. U. S. ports, equal to 

_$5.76 a ton for shipments of minimum 
sulphur content. % 

Most of the pyrite produced in the 
United States is obtained as a by-product 
in the dressing of copper and zinc ores. 
Metal mines in the East making pyrite 
concentrate for the market or use in 
company-operated sulphuric-acid plants 
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consist of two zinc mines in St. Lawrence 
County, New York State, a magnetite 
iron-ore mine in eastern Pennsylvania, 
and a pyrite mine in Virginia. 
Shipments of pyrite from coal mines 
during 1941 were reported as follows: 
Illinois —The Midland Electric Coal 
Corporation, Henry County, shipped 
12,026 long tons containing 46 per cent 
sulphur, at its Atkinson preparation plant. 
Indiana.—The Snow Hill Coal Corpora- 
tion produced pyrite from its Talleydale 
preparation plant in Vigo County. 
Kansas.—The Mineral Products Co. 
produced 3902 long tons of pyrite con- 
taining 44 per cent of sulphur from picking 
table and washery refuse. 


SPECIFICATIONS 


Specifications for coal pyrite for acid 
manufacture range from 5 per cent to 
8 per cent maximum carbon limit, and 
42 to 45 per cent minimum sulphur limit. 
Where flash roasting is practiced, the 
pyrite must be minus 1oo-mesh. Most 
companies give no size specifications. One 
company specifies 20-mesh or finer. Im- 
purities in pyrite other than carbon may 
limit its use—for instance, arsenic, prob- 
ably as arseno pyrite—even though a 
concentrate can be made complying with 
specifications otherwise. 


CHEMICAL CONSTITUENTS OF PYRITE FROM 
Coat Beps 


Although much has been written during 
the past 25 years concerning pyrite occur- 
ring with coal, few published analyses are 
available. Table 1 gives an indication of 
the various constituents likely to be found 
in lump pyrite and in concentrates. 


PYRITE-RECOVERY PLANTS 


Bradford breakers and picking tables 
may be used to make a marketable product 
where the pyrite occurs largely in sizes 
coarser than about 1 in. To make a grade 
of concentrate acceptable to sulphuric-acid 
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plants the pyrite must break freely from 
the accompanying coal and slate, which 
is a rare condition to find. The flow of 
material in the plant shown in Fig. 1, 
described by Verhoeff,‘ is typical of plants 
of this kind. 


TABLE 1.—Analyses of Pyrite 


PER CENT 
Constituent Ie 2 3 

Total sulpharciet eo sc see tase 45.28 |43.36|50.54 
Totalcar bon y<.<-tusse keine ae 4.12_| 8.83 
Moisture 3). ie Phe Ba de oe 3.80 
Sulphate sulphur............. 0.23 
TOT. sorkares Ste ree Sten oo kien cteiet 40.90 |37.44/41.85 
Lite ¢ tise ss clea = Sige 2.40 | 0.68 
Trisolublesc ac. 2 ew encaae eee 1.54 

Oppers : [2.50.03 <i erie bee 0.52 
ASBCTIIC <50:- ais oii ve s ayslsipiess wisieai 0.004] 0.12 

ANG s'o Si ata diahe to mater e eee rete 0.19 
Lead on: cicace ona Voie eel Oaenene 0.17 
Siliea sid cigs forsee Sree aie eee 0.27 | 2.5i] 0.385 
Undetermined. . ote BO 
A¥aminal: oo ee cteee kn cece 4.97 
Magnesium oxide.............- 0.51 
Phosphorus, ssc... shae 2 somone 0.05 
Hydrogen ies..taacis se ateities ale & 0:73 
Bituminous matter...........- 7.52 


ar. Concentrate from the Mineral Products Co. 
mill at West Mineral, Kansas.5 
2. Concentrate from a laboratory test of refuse 
obtained at a western Pennsylvania coal-preparation 
Ee cleaning Pittsburgh-bed coal. 
3. Lump pyrite reported by Stephen P. Burke 
and Richard Downs.® 


Most pa occurring in coal beds 
requires crushing and an abrasive type 
of grinding to free it of entwined coal and 
slate, followed by mechanical concentration 
by jigs, tables or other concentrating 
devices suitable for heavy ores, to make a 
satisfactory concentrate. At the Snow 
Hill Coal Corporation’s plant in Indiana 
and at the Midland Electric Corporation’s 
plant at Atkinson, IIl., the final concen- 
trate is made by a mechanical jig. 

The most recent and complete mill for 
concentrating pyrite from coal-mine refuse 
is that of the Mineral Products Co. at 
West Mineral, Kans. Details of this plant 
have been reported by K. A. Spencer.* The 
flowsheet is shown in Fig. 2 and the over-all 
operating economics are given in Table 2. 
Many regrinds and recirculations of prod- 
ucts are necessary to get a concentrate of 
uniform grade. 


oe oc am reee meneame eal 
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The general principles shown in this 
plant are sound. It is too complicated for 
general adoption in the coal-mining indus- 
try, but developments in the art of mineral 
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principles shown in this plant to be 
necessary to get a satisfactory grade of 
concentrate. 


It is apparent that the feed to this plant 


Packing-table refuse from four mines in Taylorville area 


R.R. car dump hopper 


36-in. apron conveyor 


9x 17-ft. Bradford breaker, I2"round perforations 


=['l2" +12" 
Baum-type jc 5x 12-ft. shaking picking table 
Ultraviolet lightin 
Clean Refuse Y. 
coal _ Pyrite Refuse 
(Approx. 30%o concentrate ¥ 
of feed) to dump 
Conveyed 
to bins 


Fic. 1.—SIMPLIFIED FLOW DIAGRAM, PEaBopy Coat Co., TAYLORVILLE, ILLINOIS.. 


preparation have been rapid, and it is 
likely that a much simpler plant could now 
be designed, incorporating the general 


“TABLE 2.—General Operating Economics, 


Mineral Products Company, West 
Mineral, Kansas® 
Operated continuously since July 1936 


Ta COSt es. Sewer ey cs ts eis Gss. 5 «cae $170,000 
(Connected loadac....24a5 24-26 ca. 352 hp. 
Water requirements: 2... e..00-1 5. 3500 gal. 
per min. 
Typical month’s operation: 
sotaletonsmilledss ce). 6.0. + 9,643 
Shifts operated (8 hr.)........... 29 
Hours:operated.-.05..0.2.%..... 223 
Possible*hourss aeg faeces ss 232 
Running time, per cent..:....... 96.1 
Tons milled per hour............ 43.24 
Tons coal produced............. 2,158 


(Equals 22.39 per cent of feed) 
Tons pyrite produced........... 1,712 

(Equals 17.75 per cent of feed) 
Average ash, per cent of coal pro- 


Average sulphur, per cent of pyrite 
BLOM UCEE sehen yey cm. vaireke tena 

Average realization f.o.b. mill per 
COMICOA Pre rate har ate he $1.38 

Average realization f.o.b. mill per 


could not have contained more. than 5 
per cent sulphur, or approximately 10 per - 
cent of pyrite. 


TABLE 3.—Float-and-sink Tests of Illinois 


Coal 
Rixinbes of 
amples 11 | Minimum|Maximum 
Coal Neneice eee Hee Sulphur | Sulphur 
Bed 20 »P: ST. | Reported | Reported 
Samples} Sink Con- ; 4 . : 
No. Tested | tained More Pe Sia Pe Sink 
than s Per er Cen’ er Ce 
Cent S 
rand 2 50) 10 a. 2 34.6 
ss) 25 24 4.9 33.1 
6 39 27 0.6 26.2 
ie 9 9 625 25.4 


Totals 


There are many mines at which the 
refuse produced contains more than 5 per 
cent sulphur. Mitchell® and Mitchell and 
Smith’ gave detailed tests on samples of 
Illinois coal. Twenty samples of sink at 
2.97 Sp. gr. gave an average sulphur content 
of 40 per cent. Of 83 samples of Illinois 
coal tested by float-and-sink methods, the. 
1.60 sp. gr. sink of 70 of these contained 
more than 5 per cent sulphur. It would 
appear that no great difficulty would be 


144 


encountered in dressing refuse from these 
coals to a 45 per cent sulphur concentrate. 
A summarization of these data is given in 
Table 3. 


PyRITE POSSIBILITIES AT EASTERN COAL 
MINES 


In general, coal mines in the Pittsburgh 
area and to the east of Pittsburgh are not 
as promising as sources of pyrite as coal 
mines in the Middle West. Northern West 
Virginia and occasional mines throughout 
the bituminous and anthracite regions of 
Pennsylvania have possibilities. Other 
sections of West Virginia show occasional 
high-pyrite areas. There are few high- 
sulphur areas in Virginia and Maryland. 

That there may be a possibility of 
recovering considerable pyrite from the 
refuse of small-coal cleaners in the 
Pennsylvania anthracite region is shown 
by a test of the refuse from a unit preparing 
No. 5 buckwheat: 


Total weight of sample, lb............. 49. 


6 

Per’cent.on $49-ins 1d). is dass. cack 322 
Through 3 on Mgin.rd......... 6.8 

S46 00. S6qine kd sees h an zeke 2082 

S64 ONIG 9.10, TAF l ccicictes succiedeios 44.0 

Yo seme mere e re means snes cresene 25.8 
Sulphur content, per cent.............. 36.4 


If the sulphur content of this sample is 
all derived from pyrite, which probably it 
is, the calculated pyrite content of the 
sample is 68.5 per cent. 

There is little large-size pyrite in the 
anthracite coal beds. Considerable pyrite 
shows up in some of the preparation plants 
in the refuse of the small sizes and from a 
visual inspection appears to be compara- 
tively free of impurities. At plants where 
there is an appreciable amount of pyrite, 
it would be comparatively easy to insert a 
concentration machine in the flow to make 
a pyrite concentrate, provided a satis- 
factory market existed. 


THE RECOVERY OF PYRITE FROM COAL-MINE REFUSE 


Tests on a car of refuse from a washery 
in western Pennsylvania, where minus 4-in. 
Pittsburgh-bed coal is cleaned, show an 
appreciable sulphur content in the refuse. 
The sulphur content increases as the size 


‘of refuse decreases (Table 4). 


TABLE 4.—TEST OF REFUSE AT A WASHERY 
IN WESTERN PENNSYLVANIA 


Refuse 
Ash 
* | Sulphur, 
Per Per Cent 
. Per Cent 
Size, In. Cany 
Ast tO 22g waditin scares 3.8 | 64.8 1.44 
PALO Te wade Jae ae cla a he 26.5 | 59.8 5.58 
U €OSh NS ee ee 37.9 | 56.7 12.96 
SG COl Oi 20! oleate’. ote tmeiote 31.8 | 56.7 13.60 


Approximately 70 per cent of this refuse 


‘is minus 1-in. and amounts to approxi- 


mately 3 per cent of the feed coal. On the 
basis of cleaning 6000 tons of feed coal per 


day, approximately 45 tons of pyrite is — 


indicated as recoverable. This does not 
appear to be a large amount, yet if many 


coal-preparation plants in the Pittsburgh 


area have a similar refuse an appreciable 
amount of pyrite could be recovered. 


. 


TRENDS 


On the whole, the economics of recover- 
ing pyrite from coal is not favorable. 
Certain trends may improve the economics 
of recovering and using this pyrite but 
others tend to have the opposite effect. 

Favorable trends are the likelihood of an 
increase in the cost of producing elemental 
sulphur in Louisiana and Texas. Easily 
won reserves of Gulf sulphur are being used 
at a fast rate. 

There has been a tremendous increase 
in the mechanical preparation of bitumi- 
nous coal during the past 40 years. Accord- 
ing to data presented in Mechannual,® 
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18,000,000 tons of coal was mechanically 
cleaned in 1920. By 1941, this had risen to 
114,000,000 tons. It requires much less 
capital expenditure and lower operating 


Cleaning-plant refuse 
Picking -table refuse 
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The art of mineral dressing has developed 
greatly in recent years, and it is technically 
now much easier to make a pyrite con- 
centrate of uniform grade than formerly. 


Stage crushing to 1%", single roll, jaw crusher, double rolls 


Two 4-cell coal jigs 


Bed and hutch refuse Over flow 
Clean coal 
| 9-11°lo ash 
Vibrating screen, 2'/2 mesh 
a By 
A Double 
Desliming cone rolls® 
Overflow eg Ree 
Two rougher jigs 
No.1,2,3 cells, No.4 cell, Overflow 
bed and hutch bed ane hutch 
Vibrating screen Taig 
— + 
~ v 
ed Double 
Desliming cone rolls 
Overflow gi 
Two cleaner jigs 
Overflow No.1, 2,3 cells, No cell NoA cell hutch 
bed ss hutch oe 
Desliming cone Pyrite concentrates Returned to rougher 
(45%S) Jig circuit 
Overflow Under flow 
{ 
Vibrating screen 
a5 Double rolls 
Classifier 
# Classifier 
Three coarse sand tables 
Overflow 


Tailing 


Concentrates Two fine sand tables 
} Condentrates 


Tailing 


One cleaning table “ 


Pyrite concentrates 
; (45% S) 


Tailing 


Fic. 2.—SIMPLIFIED FLOW DIAGRAM, MINERAL Propucts Co., West MINERAL, Kansas. 


costs to insert machines in the flow of an 
existing coal-preparation plant to recover 
pyrite than to build a new plant for this 


purpose. 


This is both favorable and unfavorable, 
since more pyrite is being recovered as a 
by-product from the dressing of metallic 
ores. 
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Separation and Transportation of.Fine-mesh Coal Dust as 
Pulverized Fuel 


By H. C. Ray,* Memsper A.I.M.E. 
(St. Louis Meeting, September 1942) 


Asout the beginning of 1930, coal prepara- 
tion had reached the stage where the clean- 


_ing of coal by liquid or air had become the 


order of the day. Since that time many new 


preparation plants have been installed in 


spite of the years of depression in the coal 
industry, and this is indicative of a trend 
wherein the coal producer found it expedi- 
ent to. manufacture a cleaner product in 
order to compete with other fuels. 

It was also about 1930 that, because of 
the difficulties encountered with fine coal in 
cleaning plants, dust collectors came into 
use. Both cleaning plants and dust collec- 
tors, therefore, were much discussed at the 
engineering meetings of the early 1930’s. 
During these meetings the many advan- 
tages to be gained through the use of dust- 
collecting systems were pointed out by 
Hebley,! Appleyard? and others. The great 
possibilities of new markets for this product 
were emphasized and discussed at the same 
time; however, the disposal of the collected 
dust remained a problem. 

Since the purpose of dust collecting is to 
improve the preparation and, consequently, 
the salability of the coal, it seems illogical 
to return. the collected dust to any of the 
coal being prepared for market use, as is 


done in preparation plants that include | 


dust-collecting systems. 
The logical thing is to dispose of the dust 
in some useful and practical manner outside 
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of the tipple. As a practical matter, this can 
be done in one or both of two ways; either 
by consuming the dust at the mine’s own 
power plant or by marketing the dust direct 
to the consumer. The latter method not 
only offers the greatest opportunities, but 
is the most important, because of inequali- 
ties that may exist between the quantity of 
dust collected and the consuming capacity 
of the mine’s power plant. 

In considering the more important 
marketing possibilities, we are confronted 
immediately with the problems connected 
with the handling and transportation of so 
fine a material. It is this problem, rather 
than the problem of finding new markets, 
that has been responsible for the lack of | 
progress in the matter of dust disposal. 

It is the purpose of this paper to point 
out again some of the potential market out- 
lets, and also to describe an existing system 
of handling and transporting coal dust. To 
the best of the writer’s knowledge, this is 
the first and only operation in this country 
that has handled fine-mesh coal in bulk 
50-ton lots direct to the consumer. 


POTENTIAL MARKETS FOR FINE-MESH 
Coat Dust 


In general, the potential market outlets 
would include any operation of which the | 
pulverization of coal is a necessary part. 
To be more specific, a. few of the better 
known operations of this type must include: 
colloidal-fuel plants, briquetting plants, 
“sea coal” distributing plants, water- 
purification plants and, obviously, pow- 
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dered-fuel power plants. Powdered-fuel 
plants, because of their greater number, 
their type of equipment and their greater 
consuming capacity, probably offer the 
most practical outlet, and certainly they 
furnish the greatest immediate market. It 
should be pointed out, however, that many 
of the other outlets that are not as yet fully 
developed would progress much faster if 
fine coal dust were made available to them. 

The development of the burner to use 
powdered coal for small commercial and 
domestic heating is one outlet, for example, 
that has very definitely been held back 
because of unavailable fuel. In trying to 
compete with other fuels, a number of small 
unit pulverizers and burners have been 
developed, but have been found impracti- 
cable because of noise, adjustments and the 
dangers involved when they are placed in 
the hands of the average consumer. Practi- 
cal burners of the storage-bin type have 
also been developed but are unmarketable 
because of the lack of pulverized fuel. If 
powdered coal were available to local 
dealers in carload lots, these burners would 
be entirely practical, in the writer’s opinion, 
because coal dust can be handled in equip- 
ment similar to that now used in distribu- 
tion of fuel oil. Coal dust can be handled 
from tank truck, through hose or pipe, to 
the consumers’ bins with all the conveni- 
ence and cleanliness of oil fuel. 


‘DeEpUsTING OF COAL 


During the past several years the Carter 
Coal Co. has been collecting dust at one of 
.its mines in the Pocahontas No. 4 seam, 
McDowell County, West Virginia. The coal 
mined there is a low-volatile coal low in 
moisture and very friable. At that mine, the 
dust-collecting system was not installed in 
combination with any washing or cleaning 
operation, but was meant to improve the 
prepared sizes and to eliminate hazardous 
working conditions arovud the tipple. 
Briefly, the dust-collecting system to be de- 
scribed accomplishes the following results: 


SEPARATION AND TRANSPORTATION OF FINE-MESH COAL DUST 


1. It removes float dust from the tipple, 
thereby reducing maintenance cost and 
hazardous working conditions. 

2. It removes excess dust that normally 
would stay with the prepared sizes in spite 
of the screening operations. 

3. It recovers tons of dust normally lost 
to the ground and surrounding countryside. 

4. It prevents dust from settling on pre- 
pared sizes after they have been loaded into 
railway cars. . 

5. It prevents dust from settling in 
empty cars waiting to be loaded. 

6. It receives dust from the vibrating 
screens, which otherwise would find its 
way into the small resultant. 

7. It removes fine float dust from the fine 
slack left from the screening of small stoker- 
coal sizes. 

8. Finally, it produces a product consist- 
ing of 1oo-mesh to zero dust, ready for 
market. 


Dust-collecting System 


The selection of dust-collecting equip- 
ment and the methods used to extract the 
dust from the coal naturally depend upon 
the specific needs of the individual mine. 
Many of these standard methods are ably 
described by H. F. Hebley.* The system to 
be referred to in this paper, however, con- 
sists of a suction pickup system, cyclone 
collectors, cloth collectors, a pulverizing 
mill, and a Fuller Kenyon air-pump system 
for handling the finished product through 
storage bins, which will be referred to as the 
“‘fine-dust bin,” the “‘final storage bin” and 
the “coarse-dust bin.’”? The dust is first 
picked up by suction from completely 
housed terminals in the tipple at strategic 
points in the coal flow. From these termi- 
nals the dust is conveyed through pipes to 
the cyclone collector, where the coarse dust 
is precipitated and passed down to the 
coarse-dust bin. The exhaust from the 
cyclone collector passes through a pipe to 
the baghouse, where all the dust is removed 
from the air by means of cloth screens; then 
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the clean air is exhausted to the atmos- 
phere. The dust from the baghouse is 200- 
mesh and finer, needs no further prepara- 
tion, and is taken by screw conveyor to the 
fine-dust bin. 

The baghouse dust can be pumped from 
the fine-dust bin to the mine powerhouse, or 
over to the final storage bin. The dust 
from the coarse-dust bin can be pumped 
into the final storage bin, by gravity 
to the railroad car, or by gravity taken 
down to a ball-mill pulverizer, where it is 
classified and ground to r1oo-mesh to o. 
After pulverization it can be pumped either 
to the mine powerhouse or on to the final 
storage bin. As a safety measure, the equip- 
ment is designed so that the dust in any of 
the bins can be circulated by taking it by 
gravity from the bottom of the bin and 
pumping it in at the top. Should heating 
occur in any bin, this circulation system 
provides a quick means of cooling. If the 
tipple is not in operation, slack coal to be 
pulverized can be unloaded to a railway 
track hopper, fed to an elevator, discharged 
to the coarse-dust bin and thence to the 
pulverizer. 

The flexibility of this system permits the 
collection and shipment of dust in its raw 
state or pulverized to any reasonable degree 
of fineness needed to satisfy a customer’s 
demands. Its bin capacity is sufficient to 
take care of normal demand, even with 
intermittent operation of the mine. Its 
design permits slack coal to be pulverized 
when dust is not being collected from the 
tipple. 

Finally, for shipment to market the cars 
are of the type used for shipping cement, 
and the dust is simply loaded by gravity 


- through flexible canvas tubes connected to 


the hatch openings in the top of the car. 
TRANSPORTATION 


As mentioned, probably the greatest 
restraining factor in the use and distribu- 
tion of powdered coal dust prepared at the 
mine is the problem of transportation. The 
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smallest sizings of pulverized bituminous 


coal, in this case 100-mesh to zero, obviously 


cannot be transported in ordinary railroad 
cars. When loaded, pulverized bituminous 
coal is well aerated, whether it is loaded by 
gravity or by means of compressed air. The 
result is that the material flows into the car 
and, like water, seeks its own level. This 
means that there is no difficulty in com- 
pletely filling all spaces, regardless of the 
shape of the container. The vibration of the 
railroad car in transit causes the dust to 
pack down to a consistent mass, which will 
support the weight of a man and barely 
shows his footprints on the surface. Hence 
the ideal car for transportation of this 
material is one that can hold enough 
aerated coal dust to meet the weight 
requirements of the railroads, so as to avoid 
freight charges in excess of those normally 
charged per ton of coal. Furthermore, the 
cars must be so constructed that they will 
prevent any pickup of moisture, loss 
through windage or loss through leakage. 
Also because of the nature of the material, 
the cars must be easy to unload, therefore 
should contain convenient outlets sup- 
ported by a sloping bottom, equal to or 
greater than the angle of repose of the dust, 
which in some cases reaches as much as 
60 per cent. 

In Europe, particularly in England and 
Germany, the transportation of coal dust is 
an old story, and engineers there have 
developed two types of cars—a tank car and 
a car that carries two or three separate 
vertical round tanks or tubs.4 However, 
European conditions and railroad facilities 
are quite different from those in America, 
and in America neither of these two types is 
suitable. 

The standard tank car may be filled 
easily enough but the average cubical con- 
tent is not great enough to hold a satisfac- 
tory load even if vibration were applied 
during the loading process. Furthermore, 
there are not enough outlets in the standard 
horizontal tank car, and even if they were 
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provided it would be impossible to com- 
pletely empty the car. 

The tub cars are not standard equipment 
in this country, therefore are not available, 
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Fic. 1.—SLACK AND DUST-COAL BUNKER SYSTEM. 


and they too, owing to their construction, 
are limited in capacity. However, if the 
distribution and marketing of fine coal dust 
increases in amount, the tub cars may play 
their part here, because the individual 
tanks or tubs can be removed and would 
serve as temporary storage bins for small 
consumers. 

Earlier than 1930 the demand for bulk 
shipments of cement and other pulverized 
materials in this country caused the rail- 
roads to develop a car expressly for the 
‘purpose, commonly known as the cement 
car. During the depression years, the con- 
struction of these cars was retarded and 
most railroads do not have enough of them 
to satisfy the demand. However, the trend 
in this direction makes it easier to solve the 
difficulty of coal-dust transportation be- 
cause these cars are very satisfactory for 
the purpose. Since they were primarily 
designed for the transportation of cement, 
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their capacity is generally about 50 tons, 
and this quantity probably would necessi- 
tate the use of vibrators when loading coal 
dust, in order to make a satisfactory rail- 
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road pay load. Because of the increased 
demand for this type of car, at least one 
railroad has built cars having 70 tons 
capacity, which enables them to carry satis- 
factory loads of the lighter density materials 
such as pulverized coal dust. These cars are 
owned by the railroad that services the only 
mine from which bulk pulverized coal has 
been shipped successfully, and the writer’s 
experience enables him to say definitely 
that their performance has been entirely 
satisfactory. 


UNLOADING AND CONSUMPTION 


-. In seeking a possible market for the roo 
mesh to zero coal dust, the writer visited a 
number of pulverized-fuel plants conveni- 
ently located along the originating railroad. 
It was an agreeable surprise to note the 
great interest shown in virtually every 
plant, particularly those having storage-bin 
systems. This is understandable, since one 
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of the advantages of mine-prepared pulver- 
ized fuel is the elimination of the substan- 
tial cost connected with the drying and 
pulverization of slack coal necessary with 
the storage-bin system. Strange as it may 
seem, a contract was made for the use of the 
dust with a large utility company having a 
new and most modern unit pulverizer sys- 
tem. It stands to reason that if a plant of 
this type finds it advantageous to use mine- 
prepared coal dust, great market possibili- 
ties are indicated even if only the one field 
of pulverized-fuel plants is considered. 
After preliminary studies were made by 
the power plant mentioned, which indi- 
cated that the use of 100 mesh to zero coal 
would be advantageous to them, the 
necessary equipment for unloading, convey- 
ing and burning the coal dust was installed. 
This first experimental equipment consisted 
of a track unloading pit containing a Fuller 
Kenyon pump, a 4o-ton storage silo in the 
slack-coal bunker, and a table feeder feed- 
ing to a unit mill pulverizer. While the dust 
actually needs no further pulverizing, it was 
considered good practice to feed the coal 


_ through the unit mill, thereby eliminating 


the expense of further changes in the 
existing equipment, and also to ensure the 
pulverization of any coarse coal that might 
find its way accidentally into the original 
dust. The hopper bottoms on the cement- 
type car are equipped with sliding gates. To 
overcome the difficulty of getting the dust 
to flow after it has settled into a solid mass 
during transit, a Syntron vibrator is at- 
tached to the side of the car and remains in 
operation until the car is unloaded. The 
gate outlets are arranged so that a canvas 
boot can be connected between the gates 


and the Fuller Kenyon unloading pump. 


The contents of the car are conveyed from 
the pump through pipes to the overhead 
storage silo. From the silo the dust can be 


~ used alone to operate the boilers, or it can 


be used to supplement a pulverizer while it 
is in operation with slack coal. This installa- 


tion (Fig. 1) was made in 1939, and no 


—s 
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operating difficulty has been experienced in 
its use. 

During the course of operation, an analy- 
sis was made of the coal dust as received 
(Table r). 


TABLE 1.—Analysis of Coal Dust as 
Received 


Proximate Analysis Screening Analysis, 


Per Cent 
Moisture, per cent..... 0.37| Through 
Volatile matter, per 200-mesh. . ./03 
CONG I soes eee lon 16.35 100-mesh. . ./97 
NSH percent... syac onic 6.70 60-mesh. ../99.6 
Fixed carbon, per cent.| 76.58 40-mesh. ../99.9 
Heat units, B.t.u. ; 


Sulphur, per enti, eo. 
ia Oe temperature, 


CONCLUSION 


With the trend in coal preparation con- 
stantly moving toward the use of smaller 
sizes and the demand by consumers for 
dustless fuel, it is almost certain that the 
practice of dust collecting will become a 
necessary step in the normal preparation of 
coal. The disposal of the collected dust will 
become something more than just a 
nuisance problem, and, using present rail- 
road facilities, this new product will find its 
way into the great potential markets which 
for years have been well recognized. 
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Occurrence of Phosphorus in Washington Coal, and Its Removal 


By M. R. Grrr,* MEMBER, FRANKLIN T. Davis,t STUDENT ASSOCIATE, 
AND H. F. Yancey,{ Memper A.I.M.E. 


(New York Meeting, February 1943) 


CoxE with low phosphorus content is 
required by some of the electrometallurgical 
and chemical plants recently attracted to 
the Pacific Northwest by the hydroelectric 
power available from Bonneville and Grand 
Coulee dams. Shipping such coke into the 
area from eastern points involves a high 
freight charge, and during wartime con- 
sumes precious rail and ship-bottom space, 
so it is highly desirable to produce coke 
from the coking coals of Washington to 
meet the requirements of these industries. 

Although coke has been made from 
Washington coals since 1884, little has 
been known about their phosphorus con- 
tents or about the extent to which phos- 
phorus could be reduced by cleaning. An 
investigation was undertaken, therefore, to 
determine the manner in which phosphorus 
occurs in the coking coals of Washington 
and its amenability to removal by ordinary 
coal-washing methods. 


PREVIOUS WorK 


Phosphorus is a deleterious element in 
coke used for numerous metallurgical 


This report gives the results of work done 
under a cooperative agreement between the 
U. S. Department of the Interior, Bureau of 
Mines, and the College of Mines of the Uni- 
versity of Washington. Published by permission 
of the Director, Bureau of Mines. Manuscript 
received at the office of the Institute Dec. 1, 
1942. Issued as T.P. 1586, July 1943. 


Assistant Mining Engineer, Bureau of 
Mines, Seattle, Washington. 
} Formerly Research Fellow, College of 


Mines, University of Washington, 
} Supervising Engineer, Bureau of Mines, 
Seattle, Washington. 


processes, including the production of pig 
iron, yet comparatively little published 
information is available on the occurrence 
and elimination of phosphorus in any of 
the coals of this country. A variation from 
0.009 to 0.062 per cent phosphorus in 
various horizons of the Pittsburgh bed in 
the Connellsville region of Pennsylania has 
been reported,! and a reduction in phos- 


phorus content from 0.020 per cent in the © 


raw coal to 0.018 per cent in the washed 
coal was obtained in washing coal from the 
same bed in the Pittsburgh area;? the 
latter figures represent average analyses for 
a year’s operation of the washery on about 
800,000 tons of coal. A reduction in phos- 
phorus content from 0.018 to o.o11 per cent 
in washing coal from the Pittsburgh bed at 
another washery was observed, and the 
same report provides data on the phos- 
phorus reduction obtained by separating 
10 other coals on a bath of 1.35 specific 
gravity.® 

European investigators have been espe- 
cially active in correlating phosphorus con- 


tent with petrographic analysis; fusain and ~ 


durain generally contain the highest per- 
centage of phosphorus, but this relation- 
ship is not universal.‘ Some of these investi- 
gators have found that phosphorus is 
removed in the coal-washing process,® but 
others have observed that the clean coal 
contained as much or even more phos- 
phorus than the raw coal.® y 


1 References are at the end of the paper. 
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PLAN OF WorK 


From the standpoint of removal by ordi- 
nary coal-washing processes, the specific- 
gravity distribution of phosphorus is of 
foremost importance. If the phosphorus is 
associated with the heavy impurities in a 
coal it can be eliminated in the washing 
operation to the same extent that these 
impurities ‘are eliminated; if, on the other 
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some beds of coking coal in the state were 
channel-sampled in benches over as large 
an area as possible, to examine the possi- 
bilities of selective mining. Sampling in this 
manner, since each parting or band of 
impurity was sampled separately, also pro- 
vides information on how the phosphorus 
content of the bed would be affected by 
washing. The analytical procedure used for 


TABLE 1.—Specific-gravity Analysis of Coal from Wilkeson West 3 Bed, 
Crushed through 14 Inch 


Weight, 
Per Cent 


Ash,¢ 


Specific 
Per Cent 


Size Gravity 


}4-in. to 28-mesh.|Under 1.40 -0 a2 
’ Weight, 84.0 per| 1.40-1.50 7 Bs 
cent. I.50-1.60 6.3 sy 
I.60-1.70 .0 4 

Over 1.70 .0 °3 

Under 28-mesh. |Under 1.40 .6 ag 
Weight, 16.0 per| I.40-1.50 .6 10 
cent. I.50-1.60 .0 ne) 
I.60-1.70 «7 +5 

Over 1.70 ed $2 

Composite }4-in. }Under 1.40 8 I 
to 0. 1I.40-1.50 8 8 
I.50-1.60 6.5 6 

1I.60-1.70 =3 ch 

Over 1.70 .6 6 


Cumulative, Per Cent 


Phosphorus,@ 


Per Cent 
Weight Ashe Phosphorus¢ 
oO. 50.0 9.2 0.044 
Oo. 60.7 II.9 0.043 
oO. 67.0 14.0 0.045 
O°. TG) I5.7 0.047 
oO. 100.0 31.8 0.137 
fo} 40.6 8.7 0.041 
fo) 53.2 Th, 0.045 
fo) 61.2 14.5 0.051 
fo) 67.9 $725 0.054 
fo) 100.0 33.2 0.106 
oO. 47.8 9.1 0.044 
oO. 58.6 11.8 0.043 
Oo. 65.1 Lays 0.046 
oO. 69.4 15.9 0.049 
Oo. 100.0 32.6 0.132 


@ Moisture-free basis. 


hand, it is distributed throughout the 


light, low-ash coal it cannot be removed by 


_ washing. Therefore specific-gravity analyses 


were made on representative samples of the 
most important coking coals of Washing- 
ton, and the phosphorus in the individual 
density fractions was determined. Each 
sample was mined from the coal bed in 


such a way as to include all of the im- 
_ purities that would have to be removed in a 


commercial washing operation, and the coal 
was tested at about the size to which it 
would be crushed for washing. Actual 


washing tests on a full-size wet table 


augmented the specific-gravity analyses. 
If phosphorus occurs largely in only 
certain horizons of a coal bed, or if certain 
areas of a bed are low in phosphorus, a 
possibility may exist for selective mining, 
provided, of course, that such mining can 


be employed economically. Accordingly, 


determining phosphorus is described in 
Technical Paper No. 8, Bureau of Mines.’ 


SPECIFIC-GRAVITY DISTRIBUTION OF PHOS- 
PHORUS IN WILKESON WEST 3 COAL 


A 6-ton channel sample for specific- 
gravity analysis and washing tests was 
mined from the No. 3 bed on the west dip 
at Wilkeson, Pierce County, Washington. 
The channel was cut from hanging wall to 
footwall and thus contained all of the im- 
purities within the bed. This sampling 
procedure was adopted because the bed 
dips about 85° and thus no hand picking at 
the face can be practiced. The coal was 
crushed to pass an 1195 Ton-Cap screen 
(about }4-in.) preparatory to testing. 

Table 1 gives the results of specific- 
gravity analyses of this coal. A sharp break 
in phosphorus content at 1.70 sp. gr. is 
evident. Material heavier than 1.70 sp. gr. 
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contains about 7 times as much phosphorus 
as does the coal lighter than 1.70. This coal 
could be reduced from 0.132 to 0.049 per 
cent phosphorus by removing the impurity 
heavier than 1.70 sp. gr. Removing the next 
lighter fractions, 1.60 to 1.70 and 1.50 to 
1.60 sp. gr., would effect little additional 
reduction in phosphorus content, however. 


PHOSPHORUS IN WASHINGTON COAL AND ITS REMOVAL 


purity with its 0.737 per cent of phosphorus 
would reduce the phosphorus content of 
this coal from 0.206 to 0.082 per cent. 

A relationship between phosphorus con- 
tent and size of coal also is evident (Table 
2). The coal finer than 20-mesh contains 
only half as much phosphorus as that 
occurring in the coarser size. The difference 


TABLE 2.—Specific-gravity Analysis of Coal from Wilkeson East 2 Bed, 
Crushed through 44 Inch 


Cumulative, Per Cent 


Phosphorus,* 


; Specific Weight, Ash,¢ 

vas Gravity Per Cent | Per Cent 
4-in. to 20-mesh.|Under 1.30 21.5 4.9 
Weight, 63.9 per} 1.30-1.40 38.2 13.4 
cent. I.40-1.70 24.8 29.7 
Over 1.70 15.5 67.2 
Under 20-mesh. |Under 1.30 19.9 3.6 
Weight, 36.1 per | 1.30-1.40 38.8 Ten 
cent. I.40-1.70 290.6 26.2 
Over 1.70 11.6 63.0 
Composite 14-in. |Under 1.30 20.9 4.5 
to 0. I.30-1.40 38.5 t35 
I.40-1.70 26.6 28.3 
Over 1.70 14.0 66.0 


Per Cent 
Weight Ashe Phosphorus* 
0.063 21.5 4.9 0.063 
0.088 59.7 10.3 0.079 
O.1II 84.5 16.0 0.088 
0.856 100.0 24.0 0.253 
0.058 19.9 3.6 0.058 
0.074 58.8 8.6 0.069 
0.072 88.4 14.5 0.076 
0.457 100.0 20.1 0.127 
0.062 20.9 4.5 0.062 
0.083 59.4 9.7 0.075 
0.0905 85.9 I5.4 0.082 
0.737 100.0 22.6 0.206 


nine STD ae Oe Oe ee ee ae SON ee oe a ee Ee 
* Moisture-free basis. 


The conclusions based on specific-gravity 
analysis were verified by a washing test 
made with a full-sized coal-washing table. 
A washed coal containing 12.1 per cent ash 
and 0,043 per cent phosphorus was pro- 
duced by removing a refuse product con- 
taining 59.3 per cent ash and 0.358 per 
cent phosphorus. 


SPECIFIC-GRAVITY DISTRIBUTION OF PHOS- 
PHORUS IN WILKESON East 2 COAL 


The sample from the east dip of the No. 2 
bed in the Bartoy mine at Wilkeson com- 
prised a 35-ton lot obtained for washing 
and coking tests; it was crushed to pass the 
1195 Ton-Cap screen before testing. Table 
2 shows the results of specific-gravity 
analyses of this coal. With this coal also 
there is a sharp break in the phosphorus 
content at 1.70 sp. gr. The impurity heavier 
than this contains almost 9 times as much 
phosphorus as the coal under 1.70 sp. gr. 
Removing the 14 per cent of heavy im- 


is attributable almost wholly to the 


phosphorus contents of the respective - 


fractions over 1.70 sp. gr. The coarse size of 
heavy impurity contains 0.856 per cent 
phosphorus, while the fine size contains 
only 0.457 per cent. Coal of less than 1.70 
sp. gr. exhibits little difference in phos- 
phorus content in the two sizes. 

This coal is difficult to wash because it 
contains a large amount of intermediate- 
density material. In washing it on the 


table, a washed coal containing 12.0 per 


cent ash and 0.068 per cent phosphorus 
resulted, but it was necessary to discard a 
middling as well as a refuse product. 


SPECIFIC-GRAVITY DISTRIBUTION OF PHOs- 
PHORUS IN WILKESON WEST 5 COAL 


Table 3 shows the results of a specific- 
gravity analysis of a rs-ton lot of coal from 
the west dip of the No. 5 bed in the Wilke- 
son-Miller mine at Wilkeson crushed to 


pass the 1195 Ton-Cap screen. This coal 
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differs from those previously described 
principally in the higher percentage of 
phosphorus in the lighter fractions. Even 
the coal lighter than 1.30 sp. gr. has 0.118 
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phorus content of this coal only from 0.152 
to 0.141 per cent. 

In a cleaning test made with the coal- 
washing table, a washed coal containing 


TABLE 3.—Specific-gravity Analysis of Coal from Wilkeson West 5 Bed, 
Crushed through 44 Inch 


a 


' Cumulative, Per Cent 
Size Specific Weight, Ash,¢ Phosphorus,¢ 
Gravity Per Cent | Per Cent Per Cent 
Weight Ashe Phosphorus? 
44-in. to 20-mesh.|Under 1.30 74.8 Sn E 0.122 .8 As 
Weight, 81.5 per] 1.30-1.40 16.0 I2.9 0.196 bees Aue eras 
cent. I.40-1.70 5.1 30.7 0.260 95.9 7.8 0.142 
Over 1.70 4.1 WoT 0.350 100.0 10.4 0.150 
Under 20-mesh. |Under 1.30 51.2 7 0.0 1.2 f 0.0 
Weight, 18.5 per| 1.30-1.40 29.6 ene (0) a 80 8 res as 
cent. I.40—-1.70 9.6 25.8 0.263 90.4 8.7 0.134 
Over 1.70 9.6 7453 0.348 100.0 I5.0 0.160 
Composite, }4-in. |Under 1.30 70.4 5.0 0.118 70.4 6.0 0.118 
to 0. I. 30-1. 40 18.5 12.2 0.191 88.9 6.5 0.133 
I.40-1.70 5.9 29.4 0.261 94.8 7.9 O.I4I 
Over 1.70 Seg Phe 0.350 100.0 II.4 0.152 


* Moisture-free basis. 


per cent phosphorus. The heavy impurity, 
Over 1.70 sp. gr., contains only 214 times as 
much phosphorus as does the coal lighter 


TABLE 4.—Specific-gravity Distribution of 
Phosphorus in Coal from Wilkeson East 
4 Bed, Crushed through 14 Inch 


Sample Specific Weight, | Ash, phon — 
No Gravity |Per Cent|}Per Cent Per Ocak 

Under1.60/] 98.8 One, 0.234 

I Over 1.60 sia 54.0 0.280 
Composite’ | 100.0 9.7 0.235 
Under1.60] 92.5 9.6 0.203 

2 Over 1.60 7.5 60.3 0.285 
Composite | 100.0 3H 0.292 

Under 1.60] 97.7 9.9 0.245 

3 Over 1.60 Bn 52.0 0.147 
Composite | 100.0 10.9 0.243 

Under 1.60] 098.2 9.7 0.266 

4 Over 1.60 1.8 54.9 0.180 
Composite | 100.0 10.5. | 0.264 

Under 1.60] 95.2 9.4 0.195 

5 Over 1.60 4.8 50.3 0.255 
Composite | 100.0 II.4 0.198 

; Under1.60] 94.1 rE, 2 0.202 

6 Over 1.60 5.9 55.2 0.085 
Composite | 100.0 13.8 0.195 


@ Moisture-free basis. ’ : ? 
b Calculated from the two specific-gravity fractions. 


than 1.70. Removing the impurity heavier 


_ than 1.70 sp. gr. would reduce the phos- 


7.1 per cent ash and 0.131 per cent phos- 
phorus was produced by rejecting a refuse 
product containing 53.5 per cent ash and 
0.343 per cent phosphorus. 


SPECIFIC-GRAVITY DISTRIBUTION OF PHOS- 
PHORUS IN WILKESON EAST 4 COAL 


- Channel samples were cut from the east 
dip of the No. 4 bed in the Wilkeson- 
Wingate, Dependable, and Apex mines at 
Wilkeson, the sampling points covering a 
distance along the strike of the bed of 
about 144 miles. All impurities within the 
bed were included in the samples, each of 
which weighed about 20 lb. The samples 
were crushed to pass a }4-in. screen and 
then tested separately at 1.60 sp. gr. 
(Table 4). 

It is clearly evident that a coal con- 
taining less than about 0.2 per cent phos-. 
phorus could not be produced from this 
area of the bed by a separation at 1.60 sp. 
gr. The phosphorus. appears to be about 
equally distributed between the coal and 
impurity. In fact, in four out of the six 
samples the impurity actually contains less 
phosphorus than the float coal. Conse- 
quently, washing probably would concen- 
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trate rather than eliminate the phosphorus; 
that is, the washed coal would contain a 
higher percentage of phosphorus than the 
raw coal from which it was derived. 


DISTRIBUTION OF PHOSPHORUS IN BEDS OF 
THE ROSLYN-CLE ExLum Coat FIELD 


In studying the occurrence’of phosphorus 
in beds of the Roslyn-Cle Elum coal field 
in Kittitas County, channel sampling of 
the beds by separate benches and impurity 
partings at a number of points was used 
instead of specific-gravity analyses. It was 
hoped that an area of low-phosphorus coal 
might be outlined by this procedure. In 
addition to providing data on the areal 
distribution of phosphorus, the sampling 
procedure furnished information on the 
extent to which phosphorus content could 
be reduced by washing, for the impurities 
in the bed were analyzed separately. 


PHOSPHORUS IN WASHINGTON COAL AND ITS REMOVAL 


1o samples taken in the No. 3 and No. 6 
beds, the number of sampling points was 
too small to yield conclusive evidence. 


Roslyn Bed 


While no area of low-phosphorus coal was 
discovered, some interesting information 
was obtained with respect to the vertical 
distribution of phosphorus in the coal beds. 
Table 5 summarizes the results of samples 
taken at 15 locations in the Roslyn bed, 
a section of which is shown in Fig. 1. 

The phosphorus content of the coal in 
the bed averages about 0.175 per cent, and 
is slightly higher in the upper bench than 
in the lower. Either bench may vary from 
less than 0.1 to as much as 0.3 per cent in 
the area studied. The impurities associated 
with the coal vary in phosphorus content 
primarily with their distance, either up or 
down, from the middle of the bed. The 


TABLE 5.—Distribution of Phosphorus in Various Components of the Roslyn Coal Bed 


Distribution of Samples by 


A Phosphorus Content 
verage? 
Number |“ phos- : 

Section & fo) i phorus, *s 

amples n- | 0.05] 0.1 | 0.2 | 0.3 | 0.5 
Ber Cert der to to to to to ed 
0.05 | 0.1 CE ie fel oP Pe, Lt ° ed 

Root, Aaidy shales v5 a eeicia ars odetiersis velar ania I 0.087 ° I 
Capmock, Shales... ces ctkotrete t ete we 6 0.144 ° 2 3 I 
Coal supper, Deneb sci si cacieia vate: Siee eens abae 15 0.185 ° I 8 5 I 
Middle sandstone, bony coal, and shale..... It 0.532 te) ° 2 2 I 4 2 
Coali lower bencb sc. wears eile os basses ante 15 0.162 ° 2 II 2 
Bottom shale and bony coal............... 9 0.050 4 5 
Bloor, Bandy SNAlO +..sa va biae’s sykildei's slow I 0.041 I 


* Moisture-free basis. 


The Roslyn bed was sampled at 15 
points throughout an area about 4 miles 
long and 1 mile wide in the Nos. 3, 5, and 
9 mines of the Northwestern Improvement 
Co. No significant areal variation in phos- 
phorus content could be detected from 
these samples; that is, the variation in 
phosphorus content between individual 
samples in any one locality was as great as 
the difference between the average content 
for the locality and that for the area as a 
whole. Although some areal variation in 
phosphorus content was indicated by the 


characteristic middle parting, composed of 
sandstone, bony coal, and shale, averages 
over 0.5 per cent phosphorus and at some 
locations contained over 0.7 per cent. The 
shale cap rock overlying the coal contains 
somewhat less phosphorus than either 
bench of coal, and the bottom impurity, 
floor, and roof all are less than 0.1 per cent 
in phosphorus content. 

The gradation in phosphorus content 
from high in the middle of the bed to low in 
the roof and floor prompted additional 
sampling to determine whether a corre- 
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sponding gradation occurred within the 
coal benches themselves; that is, whether 
the coal adjacent to the middle parting con- 
tained more phosphorus than that closer to 


SECTION INCHES 
ROOF, SANDY SHALE 

CAP ROCK, BONE 2| 
COAL af 
COAL 6 
COAL 6 
COAL 72 
COAL 2 
SANDY SHALE 1'2 
COAL, BONY 1 
SHALE "2 
COAL 2 
COAL 2 
COAL 6 
COAL 5 
COAL 6 
COAL AND SHALE 3h 


FLOOR, SANDY SHALE 
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entire section lies adjacent to the 2-in. 
increment having the lowest phosphorus 
content of any coal:in the section. At the 
second sampling location, no significant 


ASH, PHOSPHORUS, 
PER CENT PER CENT 

94.1 0.165 
7 50.7 0.098 
12.2 0.225 
20.9 04.46 
14.3 0.245 
20.2 0.681 
26.6 0.943 
87.2 0.430 
354 1.080 
87.7 0.295 
22.0. 1.210 
17.7 0:110 
13.1 0.210 
10.9 0.169 
11.4 0.176 
55.6 0.060 
92.4 0.097 


Fic. 1. SECTION or RosyLn BED, SHOWING PHOSPHORUS CONTENT OF IMPURITIES AND OF 2-INCH 
AND 6-INCH INCREMENTS OF COAL. 


the walls of the bed. At two locations in the 


No. 9 mine the upper and lower portions of 
coal were sampled in 2-in. and 6-in. arbi- 
trary benches, and the three components of 
the middle parting were sampled sepa- 
rately. Fig. 1 illustrates the results obtained 


at one of these sampling points. In the 


upper bench, the phosphorus ranges from 


0.943 per cent in the 2-in. increment of coal 


oe 


adjacent to the middle parting to 0.225 per 


cent in the coal next to the cap rock. In the 
lower bench, however, no gradation is evi- 
dent; the 2-in. increment containing the 
highest percentage of phosphorus in the 


gradation in phosphorus content occurred 
in the coal. 

Perhaps the most striking feature of the 
data in Fig. 1 is the pronouced variation 
in the phosphorus content of the various 
portions of the bed. Some of the impurities 
are low in phosphorus content, others are 
unusually high; similarly, some of the coal 
contains only a moderate percentage of 
phosphorus, while some of it contains a 
high percentage. 

A series of samples of washed coal and 
refuse collected at the cleaning plant while. 
about 1000 tons of coal from the No. 3 mine 
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was being washed gave the figures of 
Table 6. 


TABLE 6.—Phosphorus Content of Roslyn 


Washery Products 
. Ash, Phosphorus, 
Size of Coal, In. Per Cent Per Cent 
Big esi3, G0 WS6 cisls ike see 11.8 0.141 
INGtt, 11 56094 Sevan wie 13.0 0.168 
Pea 34 Ore a ail. cet terclorss II.4 0.184 
Slack, 44 to 0, dry®........ 15.5 0.140 
Slack, 34 to 0, wet®........ 9.9 0.145 
Refuse, all sizes......2..... 61.5 0.286 


@ Moisture-free basis. 

6 Cleaned on pneumatic table. 

¢ Cleaned on wet table: coal recovered from pri- 
mary jig and pneumatic-table refuse. 


The exact reduction in phosphorus con- 
tent obtained in washing cannot be deter- 
mined because the raw coal was not 
sampled. However, the comparatively 
small difference between the percentage of 
phosphorus in the washed coal and that in 
the refuse indicates that the reduction was 
not great. Some variation in phosphorus 
content with size of coal is evident, and this 
variation does not appear to be related to 
ash content. 


No. 3 and No. 6 Beds 


The No. 3 bed was sampled in the Roslyn 
No. 3 and Jonesville No.3 mines,and the No. 
6 bed was sampled in the Roslyn-Cascade 
No. 4 and Roslyn-Fuel Co. No. 3 mines. At 
each sampling point in these beds all of the 
coal in the bed was combined in one sample 
and all of the impurities were placed in 
another. Thus the samples show roughly 
the phosphorus content of the clean coal 
that could be produced from the bed and 
the character of the refuse that could be 
removed in a washing operation. Table 7 
presents the results of analyses on these 
samples. The two beds are similar in that 
the phosphorus content of both varies 
considerably from place to place and is 
high. In both beds the impurities contain 
less phosphorus than the coal; consequently 
the phosphorus content of neither coal 
could be reduced by washing. 


PHOSPHORUS IN WASHINGTON COAL AND ITS REMOVAL 


PETROGRAPHIC EXAMINATION OF HIGH- 
PHOSPHORUS SHALE OF ROSLYN BED 


In an effort to determine whether the 
phosphorus in the Roslyn bed occurred in 
mineral form, a sample of the shale high in 
phosphorus from the middle parting of the 
bed was separated into a number of density 
fractions for petrographic examination. 
Shale rather than coal was chosen for this 
work because it was abnormally high in 
phosphorus content, and thus, it was 
believed, was more likely to disclose the 


TABLE 7.—Phosphorus Content of Coal and 
Impurities in Nos. 3 and 6 Beds 


Phosphorus, Per Cent? 


Bed No. Sampling 
Point . 
Coal Impurity 

3 I 0.190 0.040 
2 0.310 0.117 

3 0.263 0.043 

4 0.291 0.216 

5 0.353 0.420 

6 I 0.175 0.159 
2 0.106 0.065 

3 0.263 0.090 

4 0.355 0.153 


@ Moisture-free basis. 
TABLE 8.—S pecific-gravity:A nalysis of High- 
phosphorus Shale from Middle Parting 
of Roslyn Bed 


Cumulative, 
eed Per Cent 
Specific Weight, phorus,¢ 
Gravity Per Cent|/per Cent 
: Phos- 
Weight phoruse 
Under 1.6 12.0 0.57 12.0 0.57 
1.6-2.0 8.0 1.08 20.0 TS 
2.0-2.2 29.2 1.94 49.2 1.61 
2.2-2.3 17.4 1.59 66.6 1.60 
2.3-2.4 ars 2at 88.1 I.75 
2.4-2.5 7.3 4.506 o54 1.97 
2.5-2.6 1.2 5.44 96. 2.01 
2.6-2.7 aca 6.50 99.9 2.16 
Over 2.7 0.1 10.37 100.0 Z.17 


* Moisture-free basis. 


presence of phosphorus minerals: Table 8 
shows that the phosphorus content of the 
individual density fractions increased with 
increase in density, reaching a maximum of 
over Io per cent in the material heavier 
than 2.7 specific gravity. 
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DISCUSSION 


The phosphorus minerals evansite 
(3Al,03.P20;.18H.0) and wavellite 
(3A1,03.2P20s.13H.2O) were identified in 
the petrographic examination, but the 
amount in which they occurred accounts 
for only about 12 per cent of the total phos- 
phorus in the shale. The form in which the 
remaining 88 per cent of the phosphorus 
occurred could not be determined 
petrographically. 


CONCLUSIONS 


The elimination of phosphorus by coal- 
cleaning methods depends entirely upon its 


mode of occurrence, therefore each coal bed 


offers an individual problem in phosphorus 
removal. The phosphorus content of two 
beds studied, the east No. 2 and the west 
No. 3 at Wilkeson, Pierce County, is re- 
duced greatly by the washing procedure 
required to produce coal of satisfactory ash 
content. In the other five beds examined 
the phosphorus is associated with the clean 


coal rather than with the impurity, hence 


cannot be eliminated by ordinary coal- 
cleaning methods. 

The lowest phosphorus content obtained 
with the coals studied was 0.043 per cent; 
still lower figures might be obtained with 
other beds of coking coal formerly worked 
but not available for sampling now—for 
example, those in the Carbonado, Fairfax, 
and Montezuma areas. 
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DISCUSSION 


(See section on Phosphorus in paper by Davis 
and Griffen, page 54, this volume, for further 
discussion of this subject.) 


G. H. Capy,* Urbana, Ill—The failure of 
the authors to investigate the possibility 
of some relationship between the phosphorus 
content of the Washington coals and the 
banded ingredients leaves one possibility un- 
explored. The writer has not sufficient famili- 
arity with bituminous coals produced in the 
state of Washington to know whether or 
not the usual banded constitution of bitumi- 
nous coals characterizes the particular coals 
studied, but he suspects that it does. If so, the 
various petrographic ingredients are probably 
separable. 


2 Illinois State Geological Survey. 
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The exploration of this possibility would 
have to be conducted by using fractions 
separated at points different from those used 
for both gravity and size, in order to establish 
the relationship of phosphorus content to 
petrographic components. Separation even at 
1.30 to 1.40 sp. gr. (Tables 1, 2, and 3) is 
still too high to obtain a differentiation of the 
physical ingredients. Hence, although a coal 
as light or lighter than this may contain a 
relatively low phosphorus content, such a 
coal may be a low-ash variety of any one of the 
ingredients. With Illinois coal, a fairly clear-cut 
separation of vitrain from other types of coal 
can be obtained at 1.22 or even 1.25 sp. gravity. 

The separation made at 1.60 sp. gr. shown in 
Table 4 is altogether too high to show whether 
the coal or the mineral matter contains the 
phosphorus and whether or not the phosphorus 
is concentrated in certain parts of the coal. 
The statement that a coal containing less than 
0.2 per cent phosphorus cannot be produced 
from this area of the bed by a separation at 1.60 
sp. gr. is apparently descriptive of the facts, 
but if No. 4 bed contains coal such as is appar- 
ently found in No. 5 bed (Table 3), separation 
at 1.40 should produce the coal desired. . 

The profile of the Roslyn bed (Fig. 1) divides 
’ the coal bed into blocks irrespective of their 
physical constitution. The very fact that large 
variations in the phosphorus content exist 
irrespective of ash content is suggestive of a 
source of variation not recognized in the in- 
vestigation. Inasmuch as separation of banded 
bituminous coal into petrographic types of coal 
material is usually not difficult; it seems possi- 
ble that such separation might have been 
undertaken in this case. 

The work of the Illinois Geological Survey 
has never included a systematic investigation 
of the phosphorus content of Illinois coals. 
We do not know how the phosphorus content 
is distributed, geographically or by bed, and 
much less with respect to the banded ingredi- 
ents. Hence, our investigations provide no 
basis for generalizations in regard to the 
relation of phosphorus content to the banded 
ingredient. Nevertheless, since the ingredients 
possess rather definite characteristics in other 
particulars, some consideration of this possi- 
bility of relationship merits consideration. — 

Stutzer and Noe (Geology of Coal, p. 21) cite 
Frech, who calls attention to the remarkable 
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remains in the coke made from them? 


correlation between the high phosphorus con- 
tent and the high spore content of certain | 
French coal of the cannel type. May not a 
similar relationship exist with respect to the 
coals of the state of Washington? 
H. H. Lowry,* Pittsburgh, Pa.—It has been i 
stated frequently that all the phosphorus in a — 
coal remains in the coke and all the phosphorus ~ 
in the coke is completely transferred to the 
iron in the blast furnace. Convincing experi- 
mental evidence of the correctness of these 
statements has not been found. Phosphorus is 
chemically similar to nitrogen, which is partly — 
recovered in the tar and partly in the gas and : 
liquor on carbonization. Combustion of coke ~ 
at the blast-furnace tuyeres might be expected : 

4 


cristina 


to produce phosphorus pentoxide, which would 
be picked up by the lime and enter the slag. 
Because of the very small amounts of phos- 
phorus in most coals, it may be that traditional 
acceptance of the statements made in the first 
sentence might be excused as a simplifying 
assumption of little consequence. However, 
with the high-phosphorus coals described by 
the authors, the truth or falsity of both state- 
ments becomes of great significance. Do the 
authors have data, for instance, to show that 
all the phosphorus of the Washington coals 


M. R. GEER (author’s reply).—As Dr. Cady 
has observed, correlation of the phosphorus 
content of the coals with their petrographic 
composition might have yielded interesting 
information on the association of the phos- 
phorus. However, the present work had the 
specific objective of determining whether or 
not the phosphorus was-associated with the 
dense impurities that are discarded in the 
ordinary coal-washing operation. Separations 
at the low specific gravities mentioned by Dr. _ 
Cady—namely, 1.22 or 1.25—would not be 
economically feasible with these coals, or, for 
that matter, with most other coals. The coals 
examined probably would not be washed at a 
specific gravity of less than 1.50 as a minimum. 
Thus, while a low-phosphorus product might 
be obtained at these low specific gravities, it 
could not be duplicated by plant operation. 

Information on the petrographic composition 
of two Washington coals from the Wilkeson 


* Coal Research Laboratory, Carnegie Insti- 
tute of Technology. 


DISCUSSION 


TABLE 9.—Comparison of Phosphorus in 
Coal and Resultant Coke 


Ash, Per Phosphorus, Galeulaked 
a a 

Sample coms Ber Cent Phosphorus 

oO. in Coke, A 
Goal Cole | Coal | Coke | 
I II.9 | 15.0 | 0.050] 0.075 0.074 
2 II.9.| 14.6 | 0.054] 0.054 0.066 
3 I2.0 | 14.7 | 0.056] 0.064 0.069 
“a TOS 9) 135.0) 0.050): 0,060 0.061 
5 12.4 | 16.2 | 0.105| 0.143 0.137 
6 13.3 | 16.4 ] 0.099] 0.139 0.122 
7 9.4 | 12.3 | 0.182] 0.246 0.238 
8 1235 14.2 | 0.062} 0.083 0.077 
9 Ti.4 | i470 | 0.053) 01.062 0.066 
10 yal 9.8 | 0.050] 0.078 0.066 
II I3.5 | 16.0 | 0.054] 0.068 0.064 
23 6.2 8.8 | 0.021] 0.039 0.030 
13 9.2 | 15.9 | 0.060} 0.108 0,104 
14 140° | 17.1 | O.120| O-T90 0.138 
a 10.8 | II.9 | 0.057] 0.064 0.063 
16 II.9 | 15.7 | 0.067] 0.094 0.088 
17 res COV || O2kAS| 01,2380 0.219 
18 FODG: | EO.0) | 02.270) 0.228 0.270 
I9 8.4 | II.3 | 0.044] 0.070 0.059 
20 7.3 | 10.1 | 0.065] 0.095 0.090 
21 7.8 | 10.8 | 0.086] 0.125 0.119 
a2 8.0 | II.2 | 0.090] 0.138 0.126 
23 6.6 9.1 | 0.080] 0.107 0.110 


@ Moisture-free basis. 


coke ash 


>’ Phosphorus in coal X inc 


area is given in Technical Paper 649 of the 
Bureau of Mines. 
The present investigation was not concerned 
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with Dr. Lowry’s question as to the behavior 
of phosphorus during the carbonization of coal; 
two other reports of work by the Bureau of 
Mines, however, contain some pertinent in- 
formation on this point.* Table 9 shows the 
percentages of ash and phosphorus in 23 coals 
and the corresponding cokes. These data repre- 
sent coke-plant operation rather than labora- 
tory tests and hence are subject to the errors of 
sampling that necessarily characterize such 
information. No evidence of any loss of phos- 
phorus during carbonization is shown by these 
figures, for with most of the samples the amount 
of phosphorus in the coke equals or exceeds 
that calculated by assuming that all of the 
phosphorus in the coal is retained in the coke. 

It should be pointed out in this connection 
that the procedure for determining phosphorus 
described in Technical Paper 8 of the Bureau of 
Mines assumes that no phosphorus is lost dur- 
ing combustion, for the determination is made 
on the ash of the sample only. 

*H. F. Yancey, R. E. Zane, R. W. Fatzinger 
and J. A. Key: Physical and Chemical Prop- 
erties of Cokes Made or Used in Washington. 
U.S. Bur. Mines Tech. Paper 597 (1939). 

H. F.. Yancey, J. Daniels, E. R. McMillan 
and M. R. Geer: Byproduct Coke Oven Tests 


of Washington Coals. U. S. Bur. Mines RJ. 
(in press). 


The Washing of Pittsburgh Coking Coals and Results Obtained on 
Blast Furnaces 


By C. D. Kinc,* Member A.I.M.E. 
(Cleveland Meeting, April 1943) 


Tue key to maximum production of 
ingots for the war effort is maximum pro- 
duction of pig iron. For any given furnace 
and ore, the most important single influence 
on blast-furnace production is the quality 
of the furnace coke. 

It is generally recognized that undoubt- 
edly deterioration of Pittsburgh coking 
coals will be accelerated by the depletion 
of some of the better grades of coal; the 
extension of mine mechanization, with 
attendant degradation of coal quality; and 
the opening of new coal fields, some of 
which are known to be fairly high in sul- 
phur. All of these factors, contributing as 
they do to higher ash and sulphur, and not 
infrequently to inferior quality of coke, 
made it desirable that an extensive study 
be undertaken to determine the effect of 
washing some coals that closely approxi- 
mate the average chemical composition 
of coking coals to be expected in the future 
by the subsidiaries of the United States 
Steel Corporation in the Pittsburgh dis- 
trict. It was deemed advisable to study 
the improvement obtained by washing 
such coals and to determine the need for 
supplementing the existing coal washery 
at Clairton to assure continued maximum 
production of pig iron from presently 
available furnace stacks. The existence of 


Manuscript received at the office of the 
Institute May 18, 1943. Published also in the 
Proceedings of the Blast Furnace and Raw 
Materials Committee, 1943; METALS TECH- 
NOLOGY, September 1943 and separately for 
the Coal Division Members; also in TRANS- 
actions A.I.M.E., Vol. 158 (1944). 

*Chairman Operating Committees, United 
States Steel Corporation of Delaware, Pitts- 
burgh, Pa. 


the coal washer at Clairton made it pos- 
sible to conduct tests on coals used in 
raw form and on similar coals after 
washing, 

This study covers an investigation of the 
quality of furnace coke as affected by 
washing coking coals, and is confined to 
the use of 100 per cent high-volatile 
Pittsburgh seam coals from Fayette and 
Greene Counties in the manufacture of 
furnace coke. It covers the improvement 
in chemical and physical properties as well 
as the degree of uniformity in coke ob- 
tained by washing these coals, and includes 
the effect on blast-furnace production and 
practice. The test period involved is four 
months; the plants, Clairton by-product 
coke plant, and the Carrie No. 1 and No. 2 
blast furnaces at Rankin, Pa., Carnegie- 
Illinois Steel Corporation. 


CLAIRTON By-propuct CoKE PLANT 
AND COAL WASHER 


The Clairton by-product coke plant 
carbonizes 30,800 net tons of coal daily in 
22 batteries containing 1482 ovens. Three 
oven sizes are used, commonly known as 
wide, medium, and narrow types, recog- 
nizing the difference in oven width, These 
ovens also differ in height and length. 

The present coal washer has a daily 
capacity of approximately 14,000 tons, 
leaving 16,800 tons to be carbonized in 
raw form. Washed coal is used on all the 
narrow ovens and on three of the six 
batteries with ovens of medium width, 
raw coals being used on all the remaining 
ovens. The customary arrangement is 
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shown in Table 1, which also includes 
various oven dimensions. 

The use of raw coal for approximately 
55 per cent of the total Clairton output has 
in the past yielded satisfactory results, 
since relatively low-sulphur and low-ash 
coals were available for use in the raw 
state. Palmer and Gates coal, normally 
coals of moderately low sulphur-ash, have 
been carbonized in this form, whereas 
Colonial and Ronco, which are generally 
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set at 2-in. openings and the fine coal by- 
passing the crusher. The mixed crushed and 
fine coal is carried by conveying belts to the 
various coal bunkers serving the batteries, 
each bunker having a capacity of 4000 tons 
of coal. From the bunkers it is handled in 
the usual manner by larry cars to the ovens. 

The Clairton by-product coke plant is 
unique in its use of roo per cent high- 
volatile, Pittsburgh seam coals and also 
the fact that the coal is not pulverized prior 


TABLE 1.—Oven Dimensions and Normal Allocation of Raw and Washed Coals, Clairton 


By-product Coke Plant 


Blas ONOMONV EH Nig eno ila-caab-chn whe eles o ote’ Koppers Koppers-Becker Combination 
Number of batteries of each........... 12 6 4 
Battery number or other designation...| Nos. 1-12, incl. Nos, 13-18, incl. Nos. 19-22, incl. 
; (wide (medium) (narrow) 
Number of ovens per battery.......... 64 61 87 
INMEODET OF OVCDS nic ay cae oie cueinue oe mee 768 366 348 
Oven ‘San ee 24 
Oke Ste ticlecais sip sevniy. oe 19h9" 18” I ud 
Waidth< Pusher'side€ss.: 6. ccc tne. « qt 164 Gh, 
AW CLANE) ies cio thes ole sree 4 1814” 570 1634" 
Length between doors............ 36’ 646” 40’ 416” 42! 6" 
Tes nt { TOO E tO! TOOL? caus e.ctente coer 9’ 1054" rr’ 844" rAvoe 
; 2 Woalleharver can sue aan ce. 8’ 1054” Io’ 814” Ta0% 
Capacities: 
Crbieteetivcacre + acierie ate’ stir te eee 500 616 759 
Coal charge per oven, net tons.... 13.24 16.70 20.63 
Coal charged per unit per day, net 
bP OAS Bier ERE EN eR ERO 12,700 8,200 9,900 
Net coking time, hours....0..06 6000 -son 18.6 5 a aR | 16.8 
Batt. 13-15 Batt. 16-18 
GWoglicarDOniZed «5... sess seieieecns siete Raw Raw Washed Washed 
Palmer Gates Colonial-Ronco | Colonial-Ronco 
Coal analysis: 
INS DeriGenit de seta: clved telelsia eases 8.70 8.25 8.914 8.912 
Silpiime Der CeNtr ts cvmie sicisies em = 6 I.00 I.00 1.362 1.362 


2 Prior to washing. 


inferior, have been washed. The usual 
combination of Colonial and Ronco mix- 
tures is 70 and 30 per cent, respectively, or 


in accordance with the mining schedules 


for these coals. In addition, the allocation 
of washed coals to some batteries and raw 


coals to others also recognized the location 
of the washer, which serves coal bunkers 


for only seven of the batteries. 

Coking coals for the Clairton plant are 
shipped down the Monongahela River by 
barge, each barge holding about 900 tons. 
The coal is unloaded from barges into 
bins by clamshell buckets at four coal 
hoists, from which it passes over screens, 


the coarse coal being fed to roll crushers 


to carbonization. Long experience at 
Clairton has shown that under existing 
conditions it is desirable to charge unpul- 
verized coal to obtain maximum bulk 
density and, accordingly, maximum coke 
output. 

By avoiding the fine crushing of coal, 
maximum bulk density is similarly ob- 
tained when employing washed coal. This 
practice also possesses the additional ad- 
vantage of eliminating a considerable 
amount of slate as large pieces by the 
coarse coal launders and thereby avoids 
the more difficult fine launder elimination 
of this proportion as fine slate particles. 
The present coal washer, installed in 1931, 
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is the Rheolaveur type. The washer was 
built on the north end of the plant in 
order to utilize the capacity of the larger 
batteries as well as to permit the use of 
coal-handling facilities already available. 
After leaving the roll crushers at the coal 
hoists, the mixed coarse and fine coal is 
conveyed to three double-compartment 
blending bins, with a total capacity of 
3000 tons. This arrangement permits the 
handling of three types of coal, Colonial, 


RESULTS ON BLAST FURNACES 


COKE-PLANT TESTS 


The study of the effect of washing Colo- 
nial and Ronco coals extended over a 
period of four months. The comparison 
was based on carbonizing washed Colonial- 
Ronco coals in the same battery used for 
coking Colonial-Ronco raw coals. This 
arrangement was considered advisable in 
order to eliminate any coke-plant variable 
other than the type of coals used. Since 


TABLE 2.—Average of Control Data for Coal-washery Float-and-sink Test during the 
Four-months Washing Test, Clairton By-product Coke Plant 


Per 
Coal 
Rawicsk. vip 
iors 
6. 
6. 
Washed... 7. 
Sie 
5. 
6. 
Refuse .... 17. 
II 
— 20m. 
Over-all 


Float 1.55 Sp. Gr., 


ao 


Sink 1.55 Sp. Gr., 
Per C 


ee Cant Composite? 


ent 


cal 


STU COM OHRWAHIMH 


al 


7 
OHA HHH HHH RH 
al 
° 


HH HHH HHH RRR 
al 


* Calculated from float-and-sink-test data. 


Ronco, and any other coal received at 
Clairton if the first two are not available in 
quantity to utilize the full capacity of the 
washer. Variable-speed belt conveyors at 
the bottoms of the bins allow for adjust- 
ment in desired coal mixtures fed to the 
washing plant. Coals are screened to two 
sizes, plus and minus 54¢-in., prior to 
washing. 

The washery was designed to yield a 
three-product separation; i.e., washed coal, 
middlings for boiler fuel, and refuse. 
Experience with coals received to date at 
Clairton has shown that under existing 
conditions it has not been economical to 
remove bone coal as middlings because of 
the small percentage present in raw coal. 
However, the provision for a middling 
product may prove highly desirable as 
insurance against adverse changes in 
sulphur and ash content of future coals. 


Colonial-Ronco washed coal is customarily 
carbonized in batteries 19-22, and because 
these batteries were also provided with a 
spare coal bunker, arrangements were made 
to use this spare for storing Colonial-Ronco 
raw coals. Accordingly, 30 ovens in bat- 
teries 19 and 20 were charged with Colonial- 
Ronco unwashed coal and the remainder 
of the ovens in the same batteries were 
charged with Colonial-Ronco washed coal. 


The mixture of Colonial-Ronco coal was: 


approximately 70 per cent of the former 
and 30 per cent of the latter. 


Comparison of Analyses of Coals Used 
and Coke Produced 


The high efficiency of the coal washer is 
indicated by the fact that in a two-product 
separation 96.63 per cent of the initial coal 
was recovered as a washed product; the 
refuse, or bank loss, being 3.37 per cent. 
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The refuse contained 4.91 per cent sulphur 
and 62.71 per cent ash. The plus 54 ¢-in. 
washed coal at 1.55 sp. gr. contained only 
0.41 per cent sink and the 5/¢. in” to 20 
mesh, 0.76 per cent. The refuse showed 
only 9.79 per cent float coal with an ash 
content of 12.29 per cent. Of the initial coal, 
less than 0.3 per cent was lost in the refuse. 
Detailed float-and-sink test data are shown 
in Table 2. 


TABLE 3.—Combposite of Four-months Test 
Results Showing Effect of Coal Washing 
on Coal and Coke Analyses 


PER CENT 
Proximate Analyses, |Unwashed| Washed | Effect of 
Dry Basis Coals Coals | Washing 
Moisture. 25 os.ocia. 6 « 3.93 ES fe ng eT. 
ttl pits. 5 vere cs ote 1.36 I.I1 | —0.25 
INGE PIs cistsmet hiteise 8.91 7.12 | —1.79 
Volatile matter....... 32.49 32.907 | +0.'48 
Fixed carbon :6 30.4.5. 58.60 FRCS || aes! 


Furnace Coke from 


ere Saal ees, Effect of 

ay Pee iayasnedl Washed, oe 
Coals Coals 

INomSEUTO=5 e586. 0c evs: 2.95 2.88 

Sel fetethhes SeaceiGe ria ee 0.98 0.88 | —o.10 

IN Serco Oy creme wae IT ..87 10.36 | —I1.51 

Volatile matter....... 0.30 0.30 

Mixed carbon... 26s 87.83 89.34 | +1.51 


Available carbon (2.5 
gaan cent moisture 
UGE) ey ers ereditreiie, te. Gye %s 


83.02 84.58 | +1.56 


The results obtained by washing Colo- 
nial-Ronco coals for the four-months test 
period are shown in Table 3. The ash in the 
coal was reduced by 1.79 per cent and the 
sulphur 0.25 per cent; the fixed carbon 
increased by 1.31 per cent and the moisture 
3.34 per cent. The sulphur content of 1.36 
per cent in the initial coal was made up of 
0.80 per cent organic sulphur, 0.54 per cent 
pyritic, and 0.02 per cent sulphate. Wash- 
ing these coals resulted in the elimination 
of approximately 45 per cent of the pyritic 
sulphur. The furnace coke produced from 
washed coals was lower in ash than the 
coke from unwashed coals by 1.51 per cent, 
and the sulphur o.10 per cent. The fixed 
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carbon was increased 1.51 per cent. De- 
tailed data showing the results for each of 
the four months are shown in Table s. 

The reduction of 1.51 per cent ash in 
furnace coke from washed coals does not 
fully account for the reduction of 1.71 per 
cent ash in coal by washing. The remainder 
of this ash difference will be found in the 
coke breeze produced from the respective 
coals, being approximately 20 per cent ash 
in coke breeze from unwashed coals and 
only r2 per cent in coke breeze from washed 
coals. 


Comparison of Physical Properties of Coke 
Produced from Washed and Unwashed Coals 


In addition to the beneficial effects ob- 
tained with respect to reduction of sulphur 
and ash in coal and coke by washing 
Colonial-Ronco coals, a marked improve- 


TABLE 4.—Composite of Four-months Tests 
Showing Effect of Coal Washing on 
Physical Properties of Coke 


Per CEntT 
Furnace Coke from 
—_—_______—_——___] Effect of 
Test z 
Unwashed| Washed Washing 
Coals Coals 
Sieve Test 
Onishi asntoee peers 14.3 15.8 + 1.5 
OtaONyS:1ih. psa oe 60.2 63.8 + 3.6 
Through Pine. cs ens 2.4 t29 — 0.7 
Tumbler Test 
DSELEMP ONG 7 stoic wieeieie are 65.3 72.0 + 6.7 
Hardnessese ancien: h 73.8 76.2 + 2.4 
Brittlenéss.... 0... a 55.9 52.0 — 3.9 
Buel values nc 6. sc. ee 73.5 86.5 +13.0 
Weight per cu. ft. (2.5 
per cent moisture 
IASIS) 5, LDewials vicistey © 31.61 31.41 | — 0.20 


ment in physical characteristics of the 
furnace coke was also derived. This is 
attributed to the greater tendency of coke 
made from raw coal to cross-fracture be- 
cause of slate inclusions. Slate in coal over 
3¢ in. is relatively easy to eliminate, but 
its reduction is particularly desirable in 
sizes ranging from 3g-in. to 20-mesh, since 
the number of incipient fractures caused by 
slate in coal is far greater in the smaller 
size than in the larger for equal percentages 
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of slate. It has, however, been Clairton’s 
experience that under 20 mesh the dissemi- 
nated ash, if not excessive, may actually 


improve the coke structure because of the 
increased physical strength it gives. 
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FURNACE COKE FROM UNWASHED COALS 
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WASHING COKING COALS AND RESULTS ON BLAST FURNACES 


Because the large daily production of the 
Clairton coke plant serves many blast fur- 
naces in the Pittsburgh and Youngstown 
districts, it was considered inadvisable to 
use the daily average analyses of coke pro- 


Individual Determinations 
made on Samples taken from 
Loading Belt at Half-hour Intervals on 
approximately every Third Day 


CLAIRTON BY-PRODUCT COKE PLANT 


Wy 
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FURNACE COKE FROM WASHED COALS 


Half-hour Intervals per Day 
Fic. 1.—VARIATIONS IN ASH OF FURNACE COKE FROM WASHED AND UNWASHED COALS. 


The physical tests of furnace coke pro- 
duced during the four-months period are 
shown in Table 4. The physical tests re- 
lating to coke strength, hardness and brittle- 
ness, are conducted according to empirical 
methods developed at the Clairton by- 
product coke plant. These methods have 
proved reliable in determining the relative 
value of different cokes produced at that 
plant. Detailed data showing the results 
for each of the four months are shown in 
Table 5. 


Variation in Sulphur and Ash Content 
of Furnace Coke 


One of the most pronounced benefits ob- 
tained from washing Colonial-Ronco coals 
is the marked improvement in the uni- 
formity of coke ash and sulphur content. 


duced at this plant as the sole criterion of 
its regularity with respect to blast-furnace 
results at Carrie. Since the Carrie blast 
furnaces were not provided with facilities 
that made it feasible to obtain coke samples 
at the coke stock bins, arrangements were 
made to sample at the Clairton coke plant 
by obtaining samples of coke on the belt 
conveyors at 30-min. intervals during the 
day turn. Fig. 1 represents the variations 
in ash for the four-months period for both 
types of coke. The days indicated represent 
approximately every third day for the 
entire four months and each day, in turn, 
is represented by from 8 to 14 samples. 
Since the half-hourly production of the 
Clairton plant on washed coals is equiva- 
lent to 200 tons, or a 6 to 8-hr. operation 
on a single Carrie blast furnace, this fre- 
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quency of sampling made it possible to 
study the magnitude of variations of coke 
during short intervals of time at Clairton. 

The study of ash variability may prove 
of particular value in connection with the 
treatment of coals in the future, which are 
expected to be higher in ash and sulphur 
than the Colonial-Ronco coals used as a 
basis for this study. This is due to the 
well known fact that the frequency of slate 
particles of sufficient size to cause cross 
fracturing increases at a rate faster than 
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reduction in the range of ash variation is 
largely the result of removal by washing 
of varying amounts of segregated high-ash 
fractions in the coal, which otherwise are 
not leveled out and persist throughout the 
entire unloading and bunkering system 
when these coals are carbonized in raw 
form. Although Fig. 1 indicates a high 
degree of uniformity in ash content of 
coke produced from washed coals, it is 
believed that a further improvement could 
be expected if the blending-bin capacity of 


TABLE 6.—A mount and Variation of Ash and Sulphur in Coke 
PER CENT . 


Furnace Coke Produced from 


Variation for Any Single Day 
Based on Periodic Daily Tests 
Using Half-hour Samples for 


Unwashed Coal 


Washed Coal 


Four-months Period 


Maximum | Minimum Range Maximum | Minimum Range 
EO aights = Mi SA, ae Sa eee eet I4.05 Ir.08 2.97 II.04 10, 08 0.96 
al PR yan cia a panels ates etc) alee I.08 0.82 0.2 0.97 0.80 0.17 
Variation Based on Daily 
Average Analysis for Every Unwashed Coal Washed Coal 
Day of the Four-months Period 
PACE RUC AGM: eiveareve, sielis/srs seine alnion estes 11.87 10.36 
Average day to day variation in ash. 0.40 0.14 
Variations exceeding 0.30 per cent ash 50.00 9.50 
Variations exceeding 0.50 per cent ash 31.50 0.00 
Variations exceeding 1.00 per cent ash 6.70 0.00 


indicated by the rising total average ash 
content. Likewise, the frequency and 
severity of short-time irregularities become 
disproportionately worse where the change 
in ash content is not caused by change in 
composition of the coal seam, but rather 
is due to the inclusion in irregular amounts 
of extraneous material from bottom and 
roof of coal seams. 

Fig. 1 shows a marked and important 
difference between coke produced from 
washed and unwashed Colonial-Ronco 
coals with respect to frequency and magni- 


tude of short-period irregularities in ash . 


content. Similar trends were observed in 
sulphur content of the respective cokes, but 
obviously of a smaller character. The 


coke resulting from washing coals. 


3000 tons per day were increased to more 
properly conform with the daily washing 
capacity of 14,000 tons. 

Table 6 shows the amount and variation 
of ash and sulphur in coke. Based on half- 
hourly samples, as previously described, 
the greatest variation in ash content for 
any one day was 2.97 per cent for coke 
from unwashed coals, while that for washed 
coals was only 0.96 per cent and, similarly, 
the sulphur showed a variation of 0.26 per 
cent for unwashed coals and only 0.17 per 
cent for coke from washed coals. A review 
of the variation based on daily average 
samples for each day of the four-months 
test confirms the improved uniformity in- 
The 
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coke from’ unwashed coals shows consider- 
ably more severe and frequent variations 
than the coke from washed coals. For 
example, day to day variations in excess of 
0.30 per cent ash occurred 50 per cent of 
the time for the former, as opposed to only 
9.5 per cent of the time for the latter; and 
perhaps of greater importance is the fact 
that no day to day variations in excess of 
0.50 per cent ash occurred in coke from 
washed coals, whereas such occurrences 
represented 31.5 per cent of the time on 
coke from unwashed coals. 


Comparison of Coke Yields 


Four tests were conducted to determine 
the difference in carbonizing capacity and 
coke yields when charging washed and 
unwashed coals. The coal content of 
11 larry cars, each of both washed and 
unwashed coals, was weighed by discharg- 
ing the coal from the cars into a truck, 
which later was weighed on the plant 
scales. Identical volumetric ring settings 
were maintained throughout the test and 
the amount of coal pulled back by the 
leveler bar in the oven was also weighed. 
The net coal charged per oven, determined 
in this manner, indicated that the coal- 
carbonizing capacity of the ovens was 
reduced approximately 1.0 per cent when 
washed coals were used. This is shown in 
Table 7. 


TABLE 7.—Effect of Coal Washing on Oven 
Carbonizing Capacity 


Oven Capacities 
Batteries 19 to 22, 
Inclusive 


Coal as received (3.46 


per cent moisture). | 41,007.8 | 41,558.7| —1.65 


While several tests were undertaken to 
determine accurately the total coke yield 
from both types of coals, in all cases coke 
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over 1 in. being considered furnace coke, 
this procedure was abandoned because it 
was impossible to accurately weigh the 
coal charged as allocated to the different 
ovens. As a matter of information, this 
test showed approximately equal total 
coke yields from washed and unwashed 
coal, 72.24 per cent and 72.26 per cent, 
respectively. Since it is well known that a 
higher total coke yield is obtained with 
higher-ash coals, it was necessary to disre- 
gard these tests and use Clairton’s actual 
experience with washed and unwashed 
coals as the basis for coke yields. As will 
be noted in Table 8, a very marked increase 
was obtained in furnace coke from washed 
coals, in the order of 2.20 per cent, and the 
coke dust reduced by 2.90 per cent. How- 
ever, as was to be expected, the total coke 
yield for washed coal is less by 0.69 per 
cent than when using unwashed coals. The 
increase in yield of furnace coke for washed 
coal more than offsets the decreased coal- 
carbonizing capacity resulting from the 
use of higher-moisture washed coals, and 
a net increase of approximately 3.0 per cent” 
is obtained per day per battery in the 
production of furnace coke. 


TABLE 8.—Effect of Coal Washing on Coke 


Vields 
PER CENT 


Yield per Net Ton 
of Coal Charged, 
Per Cent 


Effect of 
Coke Washing 
Unwashed| Washed 
Coals Coals 
Furnace coke Sed per, 
cent moisture basis 65.48 67.68 2.20 
Coke dust,as produced . ; * 
Basis; vaccine ten 8.29 5.39 | —2.90 
Quencher sump sludge 0.10 0.1r | +0.01 
TOtA) COKG Uy J. ccrexi 73.87 73.18 | —o. 


Comparison of By-product Yields 


Since the same by-product plant served 
the batteries that were concurrently used 
in the production of coke from washed and 
unwashed coals, it was not possible to 
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segregate the by-products and determine 
the yields obtained from the two coals. 
Therefore, the by-product yields were 
established by recognizing the amount of 
by-products lost with float coal in washery 
refuse, such calculated yields checking 
past experience at Clairton. 

Because of the higher moisture content 
of washed coals, it is obvious that more 
oven gas is required for underfiring ovens 
than when using unwashed coals, and to 


_ determine the exact difference a special 


test was undertaken. Gas-metering facili- 
ties were installed on various batteries 
and, based on an eight-months test, it was 
determined that 9.0 per cent more fuel was 
required per ton of washed coal carbonized. 
The B.t.u. per pound of coal carbonized 
was 1219 for washed coal—an increase of 
to2 B.t.u. over that required for unwashed 
coal. This adversely affected the surplus 
coke gas available and is included in the 
determination of the by-product yields 
shown in Table:g. 


TABLE 9.—Comparison of By-product Yields 
from Washed and Unwashed Coals 


Yield per Net Ton 
of Coal Charged 


Effect of 
Washing 
Unwashed! Washed 
Tar ac9,000 B.t.u. 
basis), gal ess aherscs: » 10.460 | 10.760 | +0.300 
Gas (590 tu. basis), 
M cu. ft. 
Used at ovens.. 4.584 4.997 | +0.413 
OurpliSsacees< o> 6.981 6.911 | —0.070 
Totaly aici ste 7s II.565.| 11.908 | +0.343 
Ammonium sulphate 
5. er cent NHs 
LED choke daietonnaiels 25.38 26.10 +0.72 
Light "oll (total), gal. . 3.16 3.25 +0.09 


Efe on Sulphur Content of By-product 
Coke-oven Gas 


Of more than passing interest to steel 
producers is the fact that by-product 
coke-oven gas produced from washed coals 
contained approximately 20 per cent less 
sulphur than gas produced from unwashed 
coals, the figures being 0.454 and 0.563 lb. 
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HS per M cu. ft., respectively. By-product 
gas produced at the Clairton Works 
usually contains more sulphur than that 
found in similar gas produced elsewhere 
because of the sulphur content of the coals 
carbonized. As a result, in the production 
of steels with low sulphur specifications, 
special efforts are required through the 
agency of additional fluxes, manganese, and 
furnace time, when appreciable proportions 
of by-product coke-oven gas are used in 
melting. Therefore a reduction in the 
sulphur content of the gas would permit 
the attainment of the required specifica- 
tions for sulphur in somewhat less melting 
time and with a reduction in fluxes, manga- 
nese, and other materials involved. In- 
directly, this matter is important to 
blast-furnace operators, since it would 
allow a moderate increase in the permissible 
sulphur content of pig iron if the present 
steelmaking practices were retained. 


Summary of Four-months Test 


The four-months test performed at the 
Clairton by-product plant to determine 
the effect of washing coking coals indicated 
that a marked improvement can be 
expected in ash, sulphur, physical proper- 
ties and uniformity of the coke so produced. 
Blast-furnace operators will readily concede 
that the use of such coke, as opposed to 
coke from unwashed coals, should help to 
improve blast-furnace operations, but only 
carefully controlled blast-furnace tests 
can indicate the magnitude of the expected 
improvement. 


BLAST-FURNACE TESTS 


In the determination of the relative 
effect of each type of coke on blast-furnace 
performance, two furnaces of identical 
physical dimensions were selected, each 
provided with similar stove and gas- 
washing facilities. For a long period prior 
to the test both furnaces had operated with 
coke from washed coals, with similar 
operating results and characteristics. The 
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furnaces chosen for the test were Carrie 
No. 1 and Carrie No. 2, at Rankin, Pa., 
Carnegie-Illinois Steel Corporation. The 
essential dimensions are given in Table ro. 


TABLE 10.—Dimensions of Carrie Blast 
Furnaces Used in Test of Coke from 
Washed and Unwashed Coals 


Hearth diameter..... 22 ft. 6in. 
Bosh diameter....... 25 ft. 11 in. 
Stockline diameter... 18 ft. 3 in. 


Large bell diameter... 
Bosh angle.......... 
Inwall batter........ 
Total neight, 2... <a « A 
Hearth area......... 397.6 sq. ft. 


{2 tts in. 
81° of 


The initial test comprehended a two- 
months operation using coke from un- 
washed coals on one furnace while the 
companion furnace was operated with 
coke from washed coals. Since it was 
recognized that every furnace has certain 
individual characteristics contributing to 
its operating efficiency, which may change 
from time to time, and that identical 
furnace size and design does not necessarily 
furnish a guarantee of duplicate perform- 
ance, a second test of two months duration 
was considered essential for check purposes, 
during which the type of coke was inter- 
changed between the furnaces. Between 
the two test periods, one month was 
allowed for the adjustment and stabiliza- 
tion of operating practice, and some special 
tests were also made during this interim 
for the determination of the amount of 
coke fines inherent in the two different 
types of coke used. The following illustrates 
the test program: 


Period 


No. 1 Furnace No. 2 Furnace 


Coke from un- | Coke from 
washed coals washed coals 
Change-over and special tests 
Coke from oke from un- 
washed coals washed coals 


July and Aug. . 


September.... 
Oct. and Nov.. 


The immediate common objective with 
both types of coke was the production of 
standard basic iron of similar chemical 
composition and equal uniformity, the aim 
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being to produce iron containing 1.10 per 
cent silicon and 0.030 per cent sulphur, 
normal to Carrie’s practice. The test was 
so arranged as to introduce no variable 
other than the type of coke. Since the 
sulphur content of the coke made from 
unwashed coals is higher than that from 
washed coals, similar sulphur content of 
iron from the two blast-furnace units 
could be accomplished only through a 
change in slag volume or slag composition. 

The required magnitude of the change in 
slag volume could be readily determined in 
advance with accuracy from the prescribed 
sulphur specification as well as the expected 
sulphur content of the slag, whose compo- 
sition and sulphur-carrying power cor- 
responded to those normally produced at 
Carrie when using coke from washed 
coals. However, the average sulphur 
content of coke was not the only factor 
affecting the adjustment in slag volume. 
Prior experience with coke from washed 
coals having indicated a marked improve- 
ment in regularity of coke composition, it 
was anticipated that coke made from 
unwashed coals would show greater varia- 
tion in sulphur as well as ash content; the 
resultant adverse effect on chemical compo- 
sition of iron could be offset only by a 
further increase in slag volume. This 
additional slag volume could be obtained 
either by the use of gravel or a greater 
proportion of siliceous ore than normally 
employed when using coke from washed 
coals. Since this ore was similar in phys- 
ical characteristics to the other ores, no 
additional variable was introduced by its 
use. The additional slag volume was, 
therefore, obtained by a combination of 
both practices; i.e., using some gravel and 
more siliceous ores. 

The burdens of miscellaneous materials 
with metallic content, such as open-hearth 
slag, excess scrap or scale, were substan- 
tially the same on both furnaces throughout 
the test, and blowing rates were held as 
constant as practicable, being varied only 
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within the limits imposed by the quality of 
coke. 


First Blast-furnace Test Period 


During the first test period, July and 
August, the performance of No. 2 furnace, 
using coke from washed coals, was mark- 
edly superior to the companion furnace, 
the iron production being greater by 51.6 
tons per day, or 6.7 per cent and the coke 
consumption correspondingly decreased 
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coke from washed coals was characterized 
by greater uniformity of iron analysis, as 
indicated by fewer offcasts in silicon and 
sulphur. Principal data for the first test 
period appear in Table rr. 


Second Blast-furnace Test Period 


During the second test period, covering 
October and November, the type of coke 
used on the two furnaces was reversed, 


TABLE 11.—Comparative Blast-furnace Performance and Practice Data for First Two-months 


Test Period 
Furnace Coke from 
Effect of Washing 
Unwashed} Washed 
Coals Coals 
No. 1 No, 2 
Furnace Furnace Amount Per Cent 
Coke analysis (dry basis), per cent: 
PRS UR eter eV EIEN evoie TSE spuenude Wd atibie tea cieetatn he Be II.89 I0.40 —1.40 
SSCP tena ag ee Merete. poids ever wtp BARONE, hatte nsec ce iw leuarmcaceawseis 0.99 0.89 —o.10 
Je Ceclw aan ofoval-pe Bsn, aca tatn ae oe Spee eh Ae iC gaara RE mea 87.81 89.30 +1.49 
Day to day variations exceeding 0.30 per cent ash in coke, 
TBD ORIN, AUS Sui oR en aes ICR Ren COPMERENCEC IC CHONG kc CCL, WeROROI ERG 55.7 18.9 — 36.8 
Iron production, net tons Peuidayaacn avd ei ms es sists eh 769.0 820.6 +51.6 + 6.7 
Net coke rate, lb. per LSA RECA Bon oo dee hee oe OOM ae 1,931 Lord — 157 — 8.1 
Pluxerate,, Wo<-DEer COM WOM. iye<.s cco cis <0 ih elevesesg(alshesnG wmieteirenenp-s 987 764 — 223 —22.6 
Calculated slag volume, lb. per toniron.......... enero atac 1,285 1,048 — 237 —18.4 
Air blown; cu. ft. per min. (carbon basis) 0.2.0... 0.00.40 53,422 53,522 + 100 + 0.2 
BIAS EDTreSstire dl De ET SG. IMac) tatecncns saya Ger vaylsietede athe eieyalsioisi 19.3 17.8 — 1.5 
Average iron analysis, per cent: 
PILI cr hee cacti 6008 ie ack ce Utclinnd raheem oe @ Uuad Gide aeuacs aeons be seer +0.02 
SHuU FOL OvE Se Cans craat R ee iat) Ce nC Te eee on ET a Te eee ana Ae 0.028 0.028 0.00 
' Casts Over 1.40 per cent silicon, per cent. .....-.6..066. 5005 8.75 8.04 Onn iit 
Casts ander'o.85 per cent silicon, per cent... .4......5.4 6.5. 9.09 4.55 —4.54 
Casts over 0.040 per cent sulphur, per cent............-..45 6.40 4.90 — 1,50 


157 lb., or 8.1 per cent. Similarly, this 
furnace operated with 22.6 per cent less 
flux and with 18.4 per cent less slag volume. 
Throughout the test No. 1 furnace, using 
coke from unwashed coals, operated with 
higher blast pressures than the companion 
furnace and was more difficult to con- 
trol, requiring more drastic counteraction 
against furnace swings for restoration of 
normal operating conditions. 

While the average silicon and sulphur 
produced in the iron from the respective 
furnaces for the two-months period was 
closely similar, the furnace operating with 


No. 1 operating with coke from washed 
coals and No. 2 with coke from unwashed 
coals. No. 1 furnace showed an improved 
performance over the companion furnace, 
producing 74.7 tons more iron per day, or 
9.4 per cent, and using 139 lb. less coke 
per ton of iron, or 7.4 per cent. This 
furnace required 17.5 per cent less flux 
and operated with a 12 per cent lower slag 
volume. During this period the blowing 
rate on No. 1 furnace was increased 
approximately 2.7 per cent over the com- 
panion furnace, a blowing rate permitted 
by the improved quality of the coke. 
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The furnace operating with coke from 
washed coals also demonstrated a marked 
superiority with respect to regularity of 
iron analysis, since only 1.00 per cent of the 
casts for this period exceeded 1.40 per cent 
silicon as opposed to 9.19 per cent for the 
companion furnace. Similarly, only 2.70 per 
cent casts exceeded 0.040 per cent sulphur 
compared with 5.78 per cent for the other 
furnace. Table 12 shows the results ob- 
tained during the second test period. | 
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improvement was obtained on coke pro- 
duced from washed coals. The increase in 
wind rate of 2.2 per cent permitted by coke 
from washed coals when comparing the two 
periods was unaccompanied by a similar 
increase when comparing the two periods 
using coke from unwashed coals. The coke 
consumption decreased for both grades of 
coke used during the second period, but the 
magnitude of the change is not sufficient 
to account for the difference in production 


TABLE 12.—Comparative Blast-furnace Performance and Practice Data for Second 
Two-months Test Period 


Furnace Coke from 


Effect of Washing 
Unwashed} Washed 
Coals Coals 


No. 2 No. 1 


Per Cent 


bere elas (dry basis), per cent 


Sil pe cS Fhe ciecavehaveis erate aie oe apetal Moe li’e &-0 a aN 


ad 


Day to day variations exceeding 0.30 per cent ash in coke, 


DEL CONG ois tafe ci clel praise Fees wie siels:o sieteia we bp ololary eleiely 


Iron production, net tons per day 
Net coke rate, lb. per ton iron... 
Plax rate, Ib. per ton fronsiic. se cis cn 
Calculated slag volume, lb. per toniron.. 
Air blown, cu. ft. per min. (cocker basis) 
Blast pressure, lb. per sq. in 


Average iron analysis, per cent: 


Silicone cee oiler nsikis vai cin tai wNecetey et ce rane Auta te ance 


Casts over 1.40 per cent silicon, per cent 
Casts under 0.85 per cent silicon, per cent 


Casts over 0.040 per cent sulphur, per cent 


Furnace Furnace Amount 
Ah riche 11.85 10.33 —1.52 
Sioa aise 0.98 0.88 —0.10 
oaeipte mes 87.85 89.37 +1.52 
5 ta 43.4 ° —43.4 

sealentye 7193.5 868.2 +74.7 + 9.4 

1,887 1,748 — 139 Te 

1,003 827 — 176 —17.5 

1,287 1,132 = Is55 —12.0 

53,301 54,721 +1420 + 2.7 
ax 19.4 19.2 — 0.2 
eee ware I.14 1.05 —0.09 
oe as 0.0290 0.028 — 0.001 
‘takot 9.19 1.00 —8.19 
wt ahes ety 8.16 beak —0.44 
rin 5.78 2.70 —3.08 


Comparison of Furnace Perjormance 
on Same Grade of Coke during the 
‘Two Periods 


Of considerable interest is the effect of 
uniformity of coke quality on blast- 
furnace performance. This is illustrated 
by a comparison of the results obtained 
on the same grade of coke for the two test 
periods, as shown in Table 13. Pig-iron 
production using coke from unwashed coals 
increased 3.2 per cent during the second 
period, compared with the first period when 
using similar coke, whereas a 5.8 per cent 


performance, particularly in view of the 
change in other related factors. The 
distribution of iron analysis also improved 
during the second period, the magnitude 
of the improvement being greater on coke 
from washed coals. 

There are three distinct differences 
between tlie periods: (1) the use of equiv- 
alent amounts of sinter in the second 
period; (2) the lower atmospheric moisture 
content in the second period; (3) a major 
improvement in the regularity of coke pro- 
duced from washed coals and a more mod- 
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erate improvement in coke produced from 

unwashed coals, as subsequently illus- 

trated. The use of 4.6 per cent sinter in the 

burden of both furnaces during the second 
Percent of 


Occurrences 
100 


so 
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period could account for only a minor part 
of the relative improvement shown by both 
furnaces over the first period. While some 
operators may believe that some of the 


improvement is due to the lower atmos- 


pheric humidity during the second period, 
this does not explain the relatively greater 
improvement obtained during that period 
with coke from washed coals as opposed 
to coke from unwashed coals. 

Since the differences in sinter charged 
and atmospheric humidity were common 
to the two grades of coke, it follows that 
by far the greater part of the general 
improvement in the second period must 
be credited to the greater uniformity of 
ash in coke produced from washed coals 
and the relatively moderate increase in 


uniformity of ash in the companion coke. A 
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statistical study of coke-ash variability 
for the two periods, based on differences in 
day to day average ash content of the 
respective cokes, reveals the pronounced 


MAXIMUM |PERCENT OF OCCURRENCES EXCEEDING MAXIMUM 
VARIATION IN FURNACE COKE PRODUCED FROM 
UNWASHED COALS WASHED COALS 


Oct.- Nov. July-Aug. Oct.- Nov. 


7 
o> 
as 


=—un 
(rere tt rt trovanwe 
BONN 


ROU Re ee te ait, 


LEGEND 


Om——————© Unwashed Colonial-Ronco July B Aug. 
©-———© Unwashed Colonial- Ronco Oct, & Nov. 
Om=eer—-© Washed Coloniol-Ronco July & Aug. 
O-—=—-O Woshed Colonial-Ronco Oct. & Nov. 


0.80 
MAXIMUM DAY-TO-DAY VARIATION IN AVERAGE COKE ASH 
Fic, 2.—CoMPARATIVE DAY TO DAY VARIATIONS IN AVERAGE DAILY ASH OF FURNACE COKE FROM 
WASHED AND UNWASHED COALS, CLAIRTON BY-PRODUCT COKE PLANT. 


0.90 1.00 1.10 1,20 1.30 1.40 1.50 


improvement in ash uniformity of coke 
from washed coals over coke from un- 
washed coals and, of equal importance, 
shows improvement in uniformity of both 
grades of coke during the second test 
period. The data and graph shown in 
Fig. 2 demonstrate that the degree of 
improvement was far greater for coke 
from washed coals, as evidenced by the 
difference in number of occurrences ex- 
ceeding a maximum day to day variation 
of 0.30 per cent coke ash. Occurrences 
exceeding this severity of variation de- 
creased 12.3 per cent for coke from un- 
washed coals when comparing the second 
period with the first test period, whereas 
the improvement, on a similar basis, was 
18.9 per cent for the coke from washed 
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coals; in fact, no such variations occurred 
in coke produced from washed coals. 

The reduction in coke-ash variability 
logically not only explains the improved 
operating performance on both grades of 
coke during the October and November 
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coke discharge on a common conveyor for 
transfer to a common collecting bin. Since 
this arrangement did not permit separation 
of coke screenings produced at each unit 
during the test, both furnaces were 
operated on coke from washed coal during 


TaBLE 13.—Comparison of Blast-furnace Performances 


Coke from Unwashed Coals 


Coke from Washed Coals 


Difference Difference 
October, October, 
y ted Novem- P se Winey Per 
ber Amount Cent Se Amount | Gent 
Coke analysis (dry basis), per 
cent: 
VRS yo Street LAO RIS AE 11.89 | 11.85 | —0.04 10.33 mee 
Ratumasen t< iste atat enor 0.99 | 0.98 | —0.01 OEE 70-08 
Fixed carbon. is... olsen 87.81 87.85 +0.04 89.37 +0.07 
Moisture 25 Sine secaes 3.01 2.90 —o.1I 2.86 ee OS 08 
Day to day variations exceed- 
ing 0.30 per cent ash in coke, 
Per Cent. Wires slo eee ee 55.7 43.4 —12.3 Ss —18.9 
Sinter in ore and sinter burden, 
Mpevidents hor titctbinis oon teets ° 4.6 +4.6 4.6 +4.6 
Air blown, cu. ft. per min. (car- 
ont basiahs ch vce Bawa aes 2 53.422 | 53,301 —1a1 | —0.2 $4,721 | +1199 | +2.2 
Blast temperature, deg. F...... 1,085 1,032 —33 1,080 — 36 
Top temperature, deg. F...... 359 379 +20 388 — 26 
Blast pressure, lb. persq.in....| 19.3 19.4 +o.1 19.2 +1.4 
Moisture in air, grains percu. ft.| 6.00 2.85 —3.15 2.85 —3.15 
Iron production, net tons per ) 

Me disks Saks teak Ce pe.| 769.0 | 793.5 | +24.5 | +3.2 et AS ibe pte 
Net coke rate, lb. per ton iron. 1,931 1,887 —44 | +2.3 | 1,74 —2 mune 
Flux rate, lb. per toniron..... 987 1,003 +16 | +1.6 827 +63 | +8.2 
Flue dust and sludge produced, 

Pet COD. eee ck asic 139 142 +3 123 —35 
Calculated slag volume, lb. per 

LOM CONES A Ok oha tine pe | 14285 | 15287 +2 | +0.2 1,132 +84 | +8.0 
Ratio bases to acidsin slag....| 1.044 | 1.048 | +0.004 1.035 | +0.o11 
Sulphur in slag, per cent....... 1.79 1.86 +0.07 1.83 +0.02 
Average iron analysis, per cent: 

Rees DUCON Be anche aes aches 8 1.12 1.14 +0.02 1.05 mes! 
Sul PUT way cea cone eee 0.028 0.029 | +0.001 0.028 9 
Casts over 1.40 per cent silicon, 

SMI OM Deis kite A fe Sich e 8.75 9.19 +0.44 1.00 — 7.04 
Casts under 0.85 per cent sili- 

ROD DOL COUti. chi chi hisses 9.09 8.16 — 0.93 7.78 +3.17 
Casts over 0.040 per cent sul- 

Phir, Percents sii css cess 6.40 5.78 —0,62 2.70 — 2.20 


period but may be interpreted as a primary 
factor in the greater magnitude of improve- 
ment in furnace performance on coke 
from washed coals in that period. 


Determination of Coke Screenings 


The coke-screening facilities at Carrie 
Nos. 1 and 2 blast furnaces are so arranged 
that the fines removed from the furnace 


part of the interim period of September, 
and the coke screenings were determined. 
The total screenings recovered from both 
grades of coke at the blast furnaces during 
the four-months test period were known 
and the figure ascertained by the special 
test was used as a basis for determining 
the screenings produced from coke from 
washed coals. The screenings recovered 
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from coke from unwashed coals were 
obtained by difference. In all cases coke 
dust under 34 in. was considered screenings. 
The essential data are shown in Table 14. 


TABLE 14.—Blast-furnace Coke Screenings 
Recovered at Carrie Blast Furnaces for 
Four-months Test Period 


Furnace Coke from 


Effect of 
Unwashed! Washed Washing 
Coals Coals 
Coke screenings: 
Per ton of coke, lb. . 59.3 42.5 —16.8 
Per ton of iron, lb. . 57.0 38.5 —18.5 
Coke required per ton 
of iron: Per Cent 
Gross furnace coke. 1,966 1,799 — 8.5 
Net furnace coke... 1,909 1,760 — 7.8 


Summary of Results at Blast Furnaces 


Discussion of results obtained in the two 
separate periods confirms the need for 
duplicate checks such as were undertaken, 
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the year, therefore the composite of the 
four-months test, as shown in Table 15, 
represents a sound basis for evaluating the 
advantages of coke produced from washed 
coals. The following advantages were 
obtained by the use of such coke. 

1. Daily iron production was increased 
63.3 tons, or equivalent to 8.1 per cent. 

2. Net furnace coke consumption was 
decreased 149 lb., or equal to 7.8 per cent. 

3. Flux consumption was decreased 
198 lb., or equal to 19.9 per cent, and slag 
volume was reduced 15.2 per cent. 

4. A pronounced improvement was ob- 
tained in the regularity of pig-iron analysis. 

In addition, an item of considerable 
importance is the fact that the increased 
yield of furnace coke of 3.0 per cent at the 
Clairton coke plant, combined with the 
subsequent reduction in coke requirements 
per ton of iron, means that less mined coal 
is required per ton of iron under such 
conditions than when using coke from 


TABLE 15.—Comparative Blast-furnace Performance and Practice Data for Composite 
Four-months Test Period 


pore enalysis (dry basis), per cent: 


KSEDUME arta (eeL eRe cnet oLeeLeliei'el\a) le fs (a \auss-o. 4 7s lef weenie! 6. ¢/alte e\'eiiai’e {afer 


Iron production, net tons per day...........-20.e0+> 
Net coke rate, Ib. per ton 170N...... 06sec cee eceeeccs 
ibragend Os Der.tON ATOM sien steleis cise Woehie,c siete overs 
Calculated slag volume, lb. per ton iron,............. 
Air blown, cu. ft. per min. (carbon basis)...........- 
Blast presstire, Ibs per Sq, 10... vdet css ge heae cs ones se 


Average iron analysis, per cent: 


Sulphur....... Siete tiers odd) coBoteinenDopeeed. ee 
Casts over 1.40 per cent silicon, per cent............. 
Casts under 0.85 per cent silicon, per cent....... Soe 
Casts over 0.040 per cent sulphur, per cent........... 


Furnace Coke from Effect of Washing 


Unwashed | Washed 


Goald Goals Amount | Per Cent 
Sntareless 10.36 —1.51 
Oca 0.88 —0.10 
SPECK Oe, 89.34 +1.51 
a als pr 9.5 —40.5 
E aaG 844.4 +63.3 +8.1 
Rsernete ss 1,760 — 149 —728 
Sat: 197 — 198 —19.9 
PE RO 1,091 —195 —15.2 
Be 54,129 +767 +1.4 
Phe ciShas 18.6 —0.7 
Srekives ais 1.09 —0.04 
disso eee 0.028 — 0.001 
tyattle or 4.45 —4.52 
epeatey ah 6.17 —2.46 
ae ee Kin iy) —2.32 


and is indicative of differences in magni- 
tude of benefits that may be obtained 


over an extended period. The periods 


involved reasonably approximate the aver- 
age conditions that may obtain throughout 


unwashed coals. In the former case 1.375 
net tons of mined coal were required 
and in the latter 1.501, or a difference 
equal to 8.4 per cent less mined coal needed 
when using washed coals. 
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CayDt 


The increase in production of iron and 
the reduction in coke rate shown in Table 
15 can be attributed wholly to the improve- 
ment in quality of coke from washed coals. 


Percent 
of Casts 
40 
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PIG IRON PRODUCED USING COKE /% 
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improved production of iron and consump- 
tion of coke, but was also apparent in the 
improvement of the regularity of iron 
analysis, as shown by Figs. 3 and 4, repre- 


PIG IRON PRODUGED USING COKE 
FROM UNWASHED (RAW) COAL 


120 1.30 1.40 1.50 160 1.70 1.80 


Fie. 3.—COoMPARATIVE DISTRIBUTION OF SILICON IN PIG IRON PRODUCED USING FURNACE COKE 
FROM WASHED AND UNWASHED COALS, CARRIE FURNACES. 


The decrease in amount and variability of 
ash and sulphur in coke and the improve- 
ment in physical coke quality, all of which 
permitted a reduction in flux consumption, 
slag volume and basicity, and marginal 
burden reserve, may be cited as major 
_ factors in decreasing the coke rate. The 
_ precise extent to which each of these 
factors contributed to the over-all result 
cannot be readily determined. No marked 
difference was noted in amount of flue 
dust produced, although we believe a more 
extended test would be required to deter- 
mine accurately the true effect on that 
of several cokes tested. Complete data for 
the entire blast-furnace test period, includ- 
ing details relating to slag composition and 
burdens, appear in Table 16. 
The effect of coke from washed coals on 
furnace operation was reflected not only in 


senting distribution of silicon and sulphur 
analyses of the respective pig irons for the 


entire period. The fact that the average 


iron analysis over the entire test period 
was almost the same for all grades of coke, 
reflects creditably on the achievement of 
the blast-furnace operator charged with the 
responsibility of complying with the 
severely prescribed conditions under which 
the test was conducted. 

Lower tuyere losses characterized oper- 
ation with coke from washed coals and, 
further, the use of coke from washed coals 
permitted operation with a degree of 
freedom from irregularity impossible of 
attainment with coke from unwashed coals. 
It is difficult to convey adequately the 
importance of this factor by means of 
tabulations and graphs; nevertheless, the 
blast-furnace operator faced with various 
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production problems, many of which 
suddenly arise owing to unpredictable 
changes in raw materials, will regard 
this phase of the test as of the greatest 
significance. 

Percent 


of Casts 
40 


Pic IRON PRODUCED USING COKE 
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CONCLUSION 


The test was undertaken to determine 
on a practical plant scale the advantages 
accruing to blast-furnace operation by 


PiG IRON PRODUCED USING COKE 
FROM UNWASHED (RAW) COAL 


-040 050 .060 


Percent - Sulphur 


Fic. 4.—COMPARATIVE DISTRIBUTION OF SULPHUR IN PIG IRON PRODUCED USING FURNACE COKE 
FROM WASHED AND UNWASHED COALS, CARRIE FURNACES. 


One word of caution appears to be in 
order. The benefits cited for washing the 
specific Pittsburgh seam coals under study 
do not apply to all coals or all conditions. 
While the test results closely agree with the 
blast-furnace operator’s rule of thumb— 
that a decrease of 1.0 per cent in coke ash, 
above a certain minimum, permits an 
increase of 5.0 per cent in furnace produc- 
tion—the figures reported should not be 
applied without qualification to determine 
the desirability of washing metallurgical 
coals. The type of mining, the uniformity 
and grade of coal mined, the physical 
properties of coke, the degree of uniformity 
as well as amount of sulphur and ash, will 
all have a bearing on the magnitude of 
benefits to be derived from washing coals 
for furnace coke. 


using coke produced from washed coals as — 
compared with coke produced from un- 
washed coals. Since it was expected that 
the magnitude of these benefits would be 
pronounced, any unpredictable omissions 
or minor discrepancies that did result can 
well be disregarded in judging the value 
of washing the coals in question. In retro- 
spect, we can recognize that detailed 
information might have been advan- 
tageously developed on some phases of this 
investigation to make this study a more 
truly technological effort, but we believe 
that these minor departures can have no 
bearing on the conclusions that follow from 
this investigation. 

It is our belief that under the conditions 
outlined, the expected deterioration in 
quality of coking coals from the Pittsburgh 
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seam accelerated by extension of mine 
mechanization axiomatically involves coal 
washing, and that in some cases the poten- 
tial advantages of mine mechanization 
cannot be fully realized without supple- 
menting such practice with coal-washing 
facilities. 
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The Operation of a Froth Flotation Pilot Plant 
on Washery-water Solids . 


By C. D. Rupert,* MemsBer, AND W. J. Parton,f Juntor MemsBer A.I.M.E. 
(New York Meeting, February 1944) ; 


LARGE quantities of fine anthracite with 
associated impurities are discharged with 
the waste water from the coal-cleaning 
plants in the Pennsylvania anthracite 
region. Furthermore, for many years this 
fine material has accumulated and formed 
silt banks. The difficulty of removing the 
impurities from the fine material and the 
lack of adequate markets are responsible 
for the waste of this material. 

In view of a larger demand for fine coal, 
mainly for pulverized fuel, the Lehigh 
Navigation Coal Co. Inc. decided to 
investigate the froth flotation process for 
recovery of fine coal from these waste 
solids. 

A test plant was constructed and op- 
erated for six months during 1942 in order 
to determine the practicability of recover- 
ing coal from the waste water of a cleaning 
plant (breaker) by froth flotation, and to 
obtain operating data for designing a com- 
mercial plant if the results were favorable. 


PRELIMINARY INVESTIGATION 


Before the pilot plant was constructed 
information was obtained by field and 
small-scale laboratory tests to serve as a 
guide in the design and operation of the 
pilot plant. 

Size and ash analyses of a representative 
sample of the material discharged in the 
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wash water from a cleaning plant are given 
in Table 1. 


TABLE 1.—Representative Sample of 
Material Discharged in Wash Water of 
Cleaning Plant 


Weech Screen Analysis | Ash Content, 
e Weight, Per Cent Per Cent 

+14 at 12.5 
+20 2.0 
+28 OS s} 14.4 
+35 6.1 
+48 at 18 o 
+65 8.0 

+100 10.6 

+150 8.8 22.9 

+200 8.8 

— 200 43:7 43.26 


100.0 Calculated 29.9 
Head sample 31.49 


The refuse content increases progres- 
sively as the size of the particles decreases. 
The larger particles (+35 m.) are low in 
ash content and could be marketed without 
cleaning. 

Since these solids are discharged from the 
breakers with 90 to 95 per cent water by 
weight, the first step in the recovery of the 
coal was that of reducing the quantity of 
water so that water in excess will not have 
to be handled. Furthermore; it was found 
that the removal of most of the minus 200 
mesh high-ash material was desirable to 
permit the most efficient flotation of the 
coal. Classification tests were run and 
showed that a hydroseparator overflow rate 
of 12 ft. per hour* was sufficient to elimi- 
nate much of the minus 200-mesh material 
while allowing the coarser material to 
settle and be thickened. 


* See discussion, page 190. 
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Laboratory flotation tests were con- 
ducted to determine the most efficient 
combination of reagents, quantity and 
points of addition. Pine oil or an alcohol 


A 


—__> 


BREAKER FLUME 


E 


OVERFLOW 


STS 


To CELLS 
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mixed with the pulp in the conditioner 
and the conditioned pulp then flowed to 
flotation cells F, The clean coal was 
removed from the cells and flowed directly 


Fic. 1.—LAYOUT OF PILOT PLANT. 


frother with a light fuel oil as the collector 
were found to be the most efficient reagents. 
Introduction by numerous stages was 
found best. Most of the coal was recovered 
during the first few minutes of contact 
time whereas recovery of the remaining 
coal required considerably more flotation 


_ time and greater consumption of reagents. 


Dewatering of the coal froth or concen- 
trates was investigated by natural drainage 
and filtration. Natural drainage was slow 
and mechanical dewatering of some form 
appeared necessary. 


Layour oF PILoT PLANT | 


Fig. 1 shows the pilot-plant equipment 


and layout. The feed to the pilot plant 
was tapped out of the main discharge 


~ flume by inserting three slicers A through 
slots in the bottom of the trough. About . 


to percent of the total flow was split for 
testing in the plant. The water flowed to a 


_22-ft. diameter hydroseparator B, which 
~ overflowed most of the minus 200-mesh 


particles and raked the settled solids to 
the center of the tank. A diaphragm pump 


_C elevated the thickened, deslimed solids 


a 


from the tank and discharged the thickened 
material to a 6-ft. conditioner tank D. 


Reagents from reagent feeder E were 


to a dewatering filter or screen G. The 
refuse flowed directly to waste. 


OPERATING DATA 
Hydroseparator 


Recovery of the solids from the washery 
water and concurrent elimination of the 
finest particles of highest ash content 


TABLE 2.—H ydroseparator Operation 


Hydro |Under-| Over- 
Data Feed flow flow 
Cubic feet per hour........ 5140 250 4890 
Percentage of solids........ 4.04] 47.6 2.05 
Monsisolids per Mr. sin. isstere- 7.55, 4.45 3.10 
Percentage of recovery..... 100.00] 58.5 Ag. 5 
Percentage of ash.......... 25.65] 21.92] 37.60 
SCREEN ANALYSIS, PER CENT WT. 
+14 mesh 0.2 0.7 ° 
+20 2) 252 (0) 
+28 32 3.6 (0) 
+35 4.8 6.6 On 
+48 6.8 9.4 Ont 
+ 100 19.5 | 27.9 0.4 
+ 200 $745 |.22..8 ana 
— 200 47.8 | 26.8 96.2 
100.0 {100.0 | 100.0 
Tons —200-mesh solids....] 4.17 I.19 2.98 
Recovery —200-mesh solids 28.5 71.5 
Classifying rate, ft. per hr.. T3105 


with the overflow was. accomplished in 
the 22-ft. hydroseparator. Removal of 
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the colloidal clays with a minimum loss 
of plus 200-mesh coal was attempted. In 
Table 2 are data showing operating 
performance after changes were made at 


A FEED 
B 

Cc 

D 

E FEED 


FROTH FLOTATION ON WASHERY-WATER SOLIDS 


Circuit A was tested first, since it 
consisted of the simplest arrangement. 
The feed enters No. 1 cell and is re-treated 
in each successive cell while coal froth is 
NY RY 
reer 


REFUSE 


: scene tment aaa " eaiaieannenainn 


RX RY] REFUSE 


By 
retreat 


LOENIAEENS 
es eS 


Fic. 2.—FLOTATION CIRCUITS TESTED. 


the feed well to minimize turbulence. 
These data show that only a small per- 
centage of plus 200-mesh coal is lost in the 
classifier overflow whereas 71.5 per cent of 
the minus 200-mesh material is eliminated. 


Flotation Cells 


A Denver Sub-A (Fahrenwald) flotation 
machine consisting of eight cells, each of 
24 cu. ft. cell volume, was used at the 
pilot plant. Flotation circuits that were 
tested in order to determine most efficient 
use of the cells are shown in Fig. 2. 


removed from each ceil. The flotation 
characteristics of anthracite can be ex- 
plained by using the results of this circuit. 
Table 3 gives data for one day of operation 
and shows that 85 per cent of the feed 
was recovered as a coal froth at 13.7 per 
cent ash. The refuse contained little coal 
and was discharged in a diluted state, 
owing to the removal of the large quantity 
of coal. 

The flotation time or period of contact 
in the cells was 15.6 min. Reagents were 
added to the conditioning tank ahead of 
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the cells and to individual cells as needed 
_ to maintain flotation. Approximately one 
: third of the total quantity of reagents 
was added to the conditioner and the 
remaining two thirds was distributed to 
the cells. 
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In order to determine the performance of 
individual cells and thus learn the economi- 
cal limit of re-treating the pulp, the froth 
production of coal from each cell was 
measured. Table 5 gives these data and 
shows that maximum production is ob- 


TABLE 3.—Operating Data for Froth Flotation Pilot Plant, Circuit A 


Slurry, Solids in Solids, Ash, Distribution 
Product Tons Slurry, Tons Per Cent | Solids, Per 
per Hr. Per Cent per Hr. Wt. Cent Wt. 
irydroseparator feed: 6. ..% 6... coe e nnc ec esis 135 5.21 7.03 28.50 100.0 
Hydroseparator overflow...............0+05 123 2.54 3.12 39.07 44.4 
Cell feed-hydro underflow. 22.2 17.61 3.91 Ba531 55-6 
BOONE CLE RTS COAL a.) Malait.. cease tra ior Sin ob, aiauaromncc 8.5 39.20 2532 I3.70 47.2 
Well refuse. ...cc0c8 0s Sun olooomcnbogapoonud T5e7 4.30 0.59 77.41 8.4 


Consumption of Reagents 


General Operating Data 


Cost, Cents! Operation, 746 hr. 
Number cells operated, 7; flotation time, 15.6. 


Power,’ kw-hr. 160; kw. per ton, 6.42 
Coal recovery, per cent feed, 85.0 


5; Lb. Lb. per 

Oil per Hr. Ton Coal | per Ton 
Piney ics... 2.28 0.69 5.71 
Bete l is (sleds s 5.86 1.76 1.96 


Recovery of combustible, per cent, 95.6 
Efficiency (sink and float), per cent, 94.7 


« Hydro underflow with dilution water. 
+ No filtering equipment. 


TABLE 4.—Size Analysis and Ash Distribution on Products, Circuit A 


Hydro Underflow 


- Hydro Feed Hydro Overflow (Cell Feed) Clean Coal Cell Refuse 
creen 
On takes | S$. $A | —————_——_—_—— 
Mes Per Cent|/Per Cent}Per Cent|Per Cent|Per Cent|/Per Cent|Per Cent|Per Cent|Per Cent|Per Cent 
Wt. Ash Wt Ash Wt. Ash Wt. Ash Wt. Ash 
+10 0.3 53.3 0.0 0.4 13.23 0.4 8.97 0.5 17.15 
+20 2.7 II.1 0.3 2.7 Tero 3.0 8.43 I.5 23.89 
+35 8.9 10.4 0.8 28.51 Ths 10.31 12.8 8.41 3.5 34.16 
+65 14.9 13.4 1.6 23.5 13.18 26.1 10.37 8.9 55-12 
+150 19.8 21.6 33 33.2 21.16 33.9 13.48 25.0 79.14 
+200 6.0 28.1 2.8 8.4 27.94 8.1 15.94 10.2 83.16 
— 200 47.4 40.7 O1.2 40.56 20.5 41.15 15.7 21.74 50.4 85.67 
Mata 4.1. 100.0 28.5 100.0 39.07 100.0 23°31 100.0 13.70 100.0 AG 


The size analyses and ash distribution 
of the various plant products are given in 
Table 4. The hydroseparator overflow 
reduced the quantity of high-ash minus 
200-mesh material from 47.4 per cent in 
the feed to 20.5 per cent by weight in 
the underflow, with a corresponding 
reduction in ash content from 28.5 to 
23.31 per cent. The analysis of the cleaned 
coal shows that the ash increases as the 
size decreases. The refuse analysis shows 
that some coal is lost in the larger sizes. 


tained from the first cell and drops off 
rapidly thereafter. The realization per 
cell can then be calculated by deducting 
the operating costs (including reagents, 
power and repairs) from the value of the 
coal produced from each cell. Under the 
conditions of this test, production from 
No. 7 cell was insufficient to cover operat- 
ing costs whereas production from Nos. 5 
and 6 cells barely covered expenses. The 
optimum flotation time was 12.5 minutes. 
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Because of the large removal of coal 
from the pulp in the first few cells, the 
percentage of solids in the pulp for sub- 
sequent re-treatment is considerably re- 
duced. Table 5 shows this drop as well 
as the progressive increase in ash of the 
recovered coal toward the refuse end of the 
cells. 


FROTH FLOTATION ON WASHERY-WATER SOLIDS 


two independent rougher circuits that 
would recover most of the coal and then 
discharge the diluted refuse pulp, still 
containing considerable coal, into a bank of 
scavenger cells for final removal of coal. 
By re-treating this dilute, partially depleted 
pulp from the primary or rougher cells, 


attention could be given to increasing 


TABLE 5.—Individual Cell Production of Coal, Circuit A 


Cell No. 
Data Total 
I 2 4 5 6 7 
Coals tonsipersbeine vetseiricice mare 2.29 0.54 0.14 0.08 0.04 0.05 0.02 3.16 © 
Cell output, per cent tote pro- 
duction. . 2 a (lee 47 | 17.00 4.43 2.53 1.27 1.58 0.63 100.0 

Ash, per cent wt. -49 | 13.84 | 16.18 | 22.26 | 30.60 | 30.22 | 45.45 13.14 
Solids in pulp, per cent wt. (feed) a ts) 7.8 5.2 4-5 Asa 4.0 WS 3.7 (refuse) 


« These data show the solids by weight that remained in the water-solids mixture (pulp) as it flowed from 
the feed end of the flotation machine successively through each cell to the refuse discharge. 


To improve the efficiency of recovering 
the coal and reduce the quantity of 
reagents and the contact time, other 
circuits shown in Fig. 2 were tested. 
Circuit B returned the higher ash con- 
centrate from the last few cells to No. 2 
cell. Returning part of the froth served 
several purposes; i.e., recleaning this 
high-ash material to improve the quality 
of the concentrate, reintroduction of 
concentrated froth to’ serve for seeding 
purposes, and more efficient use of reagents 
by utilizing the excess oil required to float 
the large particles in the last few cells. 
Recirculation of part of the froth also 
acted as a flywheel to maintain more 
uniform flotation conditions. 

Circuit C was tested to determine the 
effect of maintaining higher pulp densities 
by introducing half of the feed pulp into 
the second cell. Recoveries were somewhat 
lower for this circuit, as production from 
No. 2 cell was depressed by mixing of 
unfloated material from the first cell with 
the fresh feed. 

Since highest production is made during 
the first few minutes of flotation time, 
circuits D and E were used in order to have 


the efficiency of recovering the more 
difficult coal to float. Opening the recircula- 
tion gates in the cells themselves, main- 
taining a layer of froth on the pulp surface 
to eliminate “boiling” and to serve for 
seeding purposes, and returning the froth 
from the last few cells to the first cell 
in the scavenger bank or rougher bank 
were all found to be advantageous in 
making a more efficient final recovery. 
The most marked improvement in 
handling the diluted pulp from the rougher 
cells is shown in circuit Z. The dilute 
pulp from the primary cells was thickened 
and thus reduced in volume before it 
entered the scavenger circuit. By reducing 
the volume of pulp, less cell capacity and 
smaller amounts of reagents were required 
to make the same recovery. Thickening 
the pulp also improved the froth produc- 
tion as part of the slimes in the thickener 
was removed in the overflow. More 
important than these advantages, how- 
ever, the thickening step effected the 
development of a supporting medium of 
higher specific gravity, which was instru- 
mental in improved flotation of the 
coarser particles. Results of this circuit 
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are given in Table 6. The capacity of the 
cells was highest with this circuit and 
reagent and power costs were low. 
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recoveries, the density of the tailings from 
the cells drops to an excessively low value 
after the first few minutes of contact time, 


TABLE 6.—Oberating Data for Thickening Circuit, Circuit E 


Slurry, Solids in Solids, Ash, Distribution 
Product Tons Slurry, ons Per Cent Solids, Per 

per Hr. Per Cent per Hr. Wt. Cent Wt. 
vcroseparator, £6C,, sole cyayci alors wrxtelonys fate xleis 16 
inydroseparatonr Overflow.........0+0s0ese 0. ee ee a pee har 4 
Cell Feed, hydro underflow2............... 26.7 19.5 5.20 21. 75 62.8 
Roneher-cellicoal yh... aes ae ee stealer rma ees 10.4 38.3 3.98 Ir. 28 47 9 
whickener OVErHOW. bce cles chines cele nas m2 5 ae 3 0.08 57.87 1.0 
Scavenger-cell feed 9.1 13.8 1,22 Tig 03 14. 7 
Scavenger-cell coal Si os 5 29.4 0.43 2255 5 12 
Coals eTOr ISS pa I 7.0 9.3 0.71 72.39 8.6 
Coal output, rougher and scavenger........ II.9 37.0 4.41 ne ote) 9 Rei ae 


Consumption of Reagent 


General Operating Data 


Operation, 7 hr. 
Number cells operated, 7; flotation time, 12.9° 
Power,® kw-hr., 235; kw. per ton, 7.61. 


Coal recovery, per cent feed, 85.0 per cent 


4 iy. Lb. per Cost, Cents 
Oil per Hr. Ton Coal sy orbs 
Pine... I.97 0.45 Eye 
gil cee ae 7.45 I.69 I.97 


Recovery of combustible, 94.7 per cent 
Efficiency (sink and float), 96.6 per cent 


2 Hydro underflow with dilution water. 
> Includes centrifugal filter. 
¢ Based on initial volume of pulp and total cell volume. 


The pulp density or ratio of solids to 
water in the feed to the flotation cells 
was found to be an important factor. 
Laboratory tests, substantiated by pilot- 
plant tests, showed that recovery of coal 
as well as the quality of the product 
dropped as the percentage of solids in the 
feed pulp to the primary cells increased. 
Furthermore, the high recoveries of coal 
in the first few minutes of contact time 
dropped off at the higher pulp densities. 
Densities of 17 to 20 per cent solids in the 
pulp were found to give good results in 
practice. Apparently crowding of the 
particles in the cells takes place at higher 
pulp densities, as explained by Crawford* 
resulting in less efficient froth production 
and at the same time mechanical entrap- 
ment of some of the refuse with the froth. 

Since the density of the feed pulp to 
the primary cells should be below 20 per 
cent solids in order to get the most complete 

* J. T. Crawford: Importance of Pulp Den- 
sity, Particle Size and Feed Regulation in 


Flotation of Coal. Trans. A.I.M.E. (1936) 
IIQ, 150. 


owing to the removal of the large quantity 
of coal. Recovery of the remaining coal 
in the diluted pulp was found to be 
inefficient, since considerably more reagent 
and contact time was required to make a 
final cleanup. Since the finer-sized coal 
floats during the initial flotation periods, 
the larger particles are somewhat con- 
centrated in the dilute tailings from the 


first few cells. Thickening of the pulp 


to approximately the original density 
before final flotation assisted the final 
recovery by producing a denser separating 
medium. Furthermore, the advantage of 
reducing the volume of the pulp is obtained 
so that less cell capacity and reagents are 
required. 


DEWATERING EQUIPMENT 


An 18 by 28-in. centrifugal filter of the 
solid bowl type was first tested to dewater 
the coal froth. Operating data in Table 7 
show that the centrifuge dewatered ap- 
proximately 3 tons of coal per hour from 
6o per cent to 26 per cent moisture at a 
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power consumption of 7.73 hp. A recovery 
of 98.5 per cent was made in the filter. 
As the solids lost in the effluent had an 
ash content of 45 per cent, the quality 
of the filtered coal product was improved. 
Difficulty with the operation of this filter 
was at first caused by slippage of the 
dewatered cake against the rotating bowl 
while it adhered to the spiral conveyor. 
This condition was overcome by roughing 
the bowl surface. 

A 114 by 3-ft. vibrating screen was 
tested to determine whether part of the 
dewatering job could be done on this type 
of equipment. Data‘in Table~7 show that 
approximately 53 per cent of the feed 
tonnage was dewatered to 33.6 per cent 
moisture over a 35-mesh Ton-Cap screen 
cloth. 


TABLE 7.—Operating Data on Dewatering 
Equipment 


Data 


Centrif- Vibrating 
ugal Screen 
Filter 
Feed, tons per hr......... 3.00 3.02 
Moisture, per cent...... 61.9 55.3 
Dry cake, tons per hr..... 2.95 1.60 
Moisture, per cent...... 26.0 33.6 
Recovery solids, per cent 98.4 53.0 
Effluent loss, tons per hr.. 0.05 1.42 
Moisture, per cent...... 98.72 67.3 
Loss solids, effluent, per 
DE She nasi ated OES 1.6 47.0 
Consumption of _horse- 
DOWEL aie piarsis's oisala tis aie be) 5 
(motor rating) 
Screen. MeEshieee. see ce on 3 
SOTIOEU SAINTE et. cc pucl ade ‘go oc0 1,300 1,420 


In order to dewater this fine material 
over a screen, a continuous band or cake 
approximately 13¢ in. thick was formed 
in the pool at the feed end of the screen 
deck. The cake was then run up a pitch of 
1 to 1}4 in. per foot. Rapid formation of 
the cake in the pool and dewatering 
through the cake was assisted to some 
extent by strong water sprays on the 
screen deck. Increasing the frequency of 
vibration and the positive pitch on the 
deck helped to produce a drier cake. The 
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dewatering performance on a screen could 
be considerably improved by thickening 
the coal froth ahead of the screen. A 
higher recovery over the screen would 
then be realized as well as a drier cake. 

A dewatering circuit was designed with 
the vibrating screens in series with a 
centrifugal filter. All the coal froth was 
fed directly to the screens, which dewatered 
50 to 60 per cent of the coal. The underflow 
from the screens was then sent to the 
centrifugal filter, where final recovery and 
dewatering of the coal was accomplished. 
Considerably less power and investment 
cost were required than if all the froth 
was dewatered by centrifugal filters. 


SUMMARY 


The flotation tests using the various 
circuits with a proper classified feed 
showed that a high recovery of coal took 
place in the first few minutes of contact 
time, followed by a more inefficient treat- 
ment of a dilute pulp throughout the 
remaining flotation circuit. Recleaning 
the froth from the last few cells by return- 
ing the froth to the head of the bank of 
cells was found advantageous. The maxi- 
mum capacity of the flotation cells with a 
minimum of power and reagents was 
obtained by circuit Z, in which two banks 
of rougher cells are used to utilize the 
high recovery possible in the first few 
minutes of contact time. The diluted pulp 
from the primary cells in this circuit was 
then thickened, with consequent reduction 
in volume, before being sent to the scay- 
enger cells. 

Dewatering of the coal froth to 26 per 
cent moisture was accomplished in a 
centrifugal filter at a power consumption 
of 2.5 to 3.0 kw. per ton of coal. Dewatering 
the coal froth to 33 per cent moisture was 
performed on a vibrating screen with 
losses of 40 to 50 per cent of the feed 
through the screen. Since considerably 
less power is required for operating the 
screen, a circuit employing both the 
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DISCUSSION 


screen and centrifuge was planned whereby 
the coal lost through the screen deck would 
be recovered and dewatered by the 
centrifuge. 

All the economic factors in the recovery 
of fine anthracite from wash water by 
froth floation could not be definitely 
determined by the pilot plant. Operating 
costs for power and reagents were found 
to be 13 to r5¢ per ton of clean coal. 
Labor, maintenance, and amortization 
charges appeared to be sufficiently low to 
make the project appear economically 
feasible. One important problem, still 
being considered, is the complete drying 
of the product before shipment to facilitate 
unloading and handling by the consumer. 
If this step is found necessary, the cost 
will be considerably increased. 
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‘DISCUSSION 
(H. F. Hebley presiding) 


J. W. Woomer,* Wheeling, W. Va.—We are 
interested in the paper from the stream pollu- 
tion angle. I wonder if the author would care 
to give us some thoughts on that aspect of the 
‘matter. 


W. J. Parton (author’s reply).—One of the 
main reasons for our experimental work was 
to devise means to minimize stream pollution. 
Increased recovery of fine coal was, of course, 


* Consulting Mining Engineer. 
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another objective. The commercial plant we 
are now building will completely solve the 
stream-pollution problem from that colliery. 
Of course, we have to use a thickener in con- 
junction with the flotation plant, to remove the 
solids from the hydroseparator overflow and 
the cell tailings. 


J. W. Woomer.—Aré you recirculating the 
water in the plant? 


W. J. PARTON.—Yes. We contemplate taking 
the Bird centrifuge effluent and using it as 
dilution water in the conditioning tank. By 
recirculating this water we hope to economize 
on some of the reagents. 


B. M. Brrp,* Columbus Ohio.—One use for 
froth flotation is to reduce sulphur in Pitts- 
burgh coal. Everyone is making a fair percent- 
age of extremely fine sizes. That the pyritic 
sulphur can be markedly reduced in those sizes 
by froth flotation has already been. demon- 
strated. This idea can, of course, be extended 
to all sizes by deliberate grinding and floating 
of all the coal. I do not think we are ready for 
that step, but it is a definite out for reducing 
the pyritic sulphur in the Pittsburgh area. The 
idea strikes me as rather fantastic to grind coal 
down through perhaps 65 mesh and then to 
float it, but we may be forced into doing it. 

I think a more promising method is to 
attack the problem from the point of view of 
removing the sulphur from the pig iron or 
during the cokemaking process. Personally, 
I should like to see the work that Dr. Powell, 
Mr. Thompson, and others did a good many 
years ago revived and reviewed carefully. The 
economic pressure was not on them in those 
days, and perhaps now that we are faced with 
this serious problem of sulphur reduction 
something can be done along the lines of their 
work. 


D. H. Davis,} Pittsburgh, Pa—I might add 
a little on froth flotation. I note that at the 
plant referred to by Messrs. Rupert and 
Parton, they were cleaning approximately six 
tenths of a ton per hour per cell. This checks 
pretty well with our experience in froth-flota- 
tion thickener underflow from cleaning plants 
handling bituminous coal. It will be noted, and 


* Battelle Memorial Institute. 
+ Pittsburgh Coal Company. 
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this will answer Mr. Woomer’s question, I 
believe, that a large percentage of the minus 
200-mesh is removed from the feed to the flota- 
tion units by the hydroseparator. In order to 
recover the minus 200-mesh it is necessary to 
dewater it in such a manner that the material 
can be wasted without contamination of 
streams. The usual practice is to pump it to 
a dam for impounding and let the water evapo- 
rate or filter through the dam. At the Pitts- 
burgh Coal Co. we filter the minus 200-mesh 
and mix it with coarse refuse for disposal. 

A question has been raised about cleaning of 
the minus 200-mesh by froth flotation. As this 
material is mostly clay and is in a very finely 
divided state, the capacity of each cell in clean- 
ing this material is extremely low, running 
approximately 14 ton per hour per cell. There- 
fore rather a large plant is required to clean 
any appreciable tonnage of minus 200-mesh 
material. 

Referring to Mr. Bird's remarks, I would say 
that everything should be done within practical 
limits to prevent the production of too much 
minus 200-mesh material, for once a mixture of 
coal and slate is 200-mesh or finer in size, it is 
usually uneconomical to try to recover the 
clean coal, 


C. E. Locxe,* Cambridge, Mass.—In two 
places the authors have made statements that 
are not clear to me. On page 182, in the last 
sentence of the second column, they speak of a 
hydroseparator overflow rate of 12 ft. per hour, 
and similarly in the last line of Table 2, they 
give the classifying rate in feet per hour. I am 
unable to understand how they can apply any 
rate of linear feet per hour in separation in a 
hydroseparator, because the only velocity that 
one can measure in such a device is the surface 
velocity of flow from the center to the circum- 
ference. To my mind this will mean very little, 
and as a matter of fact it is not an average 
because such a flow would be rapid near the 
center and decrease to a minimum close to the 
peripheral overflow. 

My second difficulty is my inability to 
visualize the dewatering screen they describe 
at the bottom of the first column on page 188. 
They speak of a pool at the feed end, which 
makes me feel that the screen is flat at that 


* Professor of Mining and Ore Dressing, 
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point and then changes to a slight slope upward 
of 1 or 1)4 in. per foot. The application of the 
strong water jets as an aid to dewatering is not 
clear. 


J. W. Parton.—Dr. Locke is correct in 
questioning the overflow rate in feet per hour, 
since this is a calculated figure and not an 
actual measurement. The overflow rate, as we 
called it, was calculated by dividing the volume 
of feed in cubic feet per hour by the surface 
area of the hydroseparator tank. This relation- 
ship has been found convenient and reliable 
for usein determining the size of hydroseparator 
required for a given feed when the classifying 


_rate was determined by a small test hydro- 


separator, as in our work. Tube classification 
rates can also be projected quite accurately 
into practice by using a correction factor for 
turbulescence. 

The deck of the dewatering screen is not flat 
at the feed end, as Dr. Locke suggested. The 
whole deck surface is carried at the same up- 
ward pitch of 1 to 114 in. per foot. At the low 
end of the deck a pool forms; the back of the 
screen frame serving as the back of the dam. 
Drainage from this pool is quite slow if a com- 
pact bed of solids forms against the screen deck. 
Accordingly, we found that strong water jets 
applied to the shallow pool tended to keep the 
layer of coal in a loose condition and enabled 
more rapid drainage from the pool. 


C. Evans, Jr.,* Scranton, Pa—Have you 
decided about what you are going to attempt to 
do with the very fine waste? You have a con- 
siderable quantity to dispose of. I do not believe 
we in the anthracite region have gone quite as 
far as they have in the Pittsburgh district in 
contemplating drying and disposing of it. 


W. J. Parton.—We will dispose of the fine 
waste solids by first concentrating these solids 
in a large thickener along with the refuse from 
the cells and then pumping the thickened 
sludge to impounding dams. 


C. Evans, Jr—Have you a surface free from 
stream flow on which you can put those im- 
pounding dams? 


W. J. Parton.—We are planning impound- 
ing dams on old refuse banks and hope to get 
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some filtration through the banks. But we are 
counting mainly on the concentration in the 
thickener and do not expect to pump a large 
quantity of water with the solids to the dam. 


C. Evans, Jr.—Pioneering of that kind is a 


- big problem. 


W. J. Parton.—Particularly in our field. 


MeEmBrer.—Have you any figures on the 
complete drying of the product? 


W. J. Parton.—We have studied the subject 
of heat drying of the product but we are not 
in a position to give any figures at this time. 


MemsBer.—On what specific gravity is effi- 
ciency of sink and float based in Table 3? 


W. J. Parton.—I can’t quite recall what 


- that gravity was, since I picked the theoretical 


aay. 


; 
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recovery figure off a curve. However, I think 
it corresponded to a 1.9 gravity. 


J. Grirren,* Pittsburgh, Pa——What is 
meant by efficiency by sink and float? 


W. J. Parton.—The Bureau of Mines uses 
the recovery by sink-and-float data as the basis 
for comparing the actual recovery to determine 
operating cleaner efficiency. 


J. Grirren.—Of the same ash content? 
W. J. Parton.—Yes. 
J. GRIFFEN.—As I00 per cent? 


W. J. Parton.—That is right. The actual 
recovery of coal divided by the theoretical 
recovery at same ash content from sink-and- 
float data times one hundred gives the cleaner 
efficiency. 


* McNally Pittsburg Manufacturing Co. 


A New Criterion for the Clinkering Characteristics of Coal Ash- 


By Raymonp S. WEIMER, * MEMBER A.I.M.E. : 
(St. Louis Meeting, September 1942) 


Or the several characteristics of a coal 
that influence its suitability for use in a 
given piece of burning equipment, the 
clinkering and slagging characteristics of 
the ash of the coal are highly important. 
They determine the maximum rate at 
which the coal may be burned on a stoker 
or in pulverized form without difficulty 
from damage to metal parts, from erosion 
of refractory walls, or from stoppage of gas 
passages by accumulation on the tubes. 
They also determine the minimum rate at 
which a slag-tap furnace may be operated 
without difficulty in removal of the ash in 
fluid form. 


NEED FOR A BETTER CRITERION 


In common with other producers and 
users of coal, the Northern Illinois Coal 
Corporation has long used the available 
methods for the measurement of the 
clinkering characteristics of coal ash, 
chemical composition and fusion tempera- 
ture of the ash, as criteria for the selection 
of coal that would suit the particular 
requirements of its customers. These two 
available criteria have greatly helped in 
the problem of selection but it is unneces- 
sary to dwell upon the fact that they are 
not completely adequate for the purpose. 

The composition of the ash and its 
clinkering tendency vary widely over the 
company’s mining area. In a certain period, 


Manuscript received at the office of the 
Institute Sept. 28, 1942. Edited by Ralph A. 
Sherman, of Battelle Memorial Institute, 
June 21, 1943. Issued as T.P. 1656, February 


1944. 

4 General Superintendent, Wilmington Mine, 
Northern Illinois Coal Corporation, Wil- 
mington, Ill. Died April 17, 1943. 
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some years ago, an unusual amount of 
severe clinkering of the ash of coal shipped — 
made extremely acute the, need for a 
better criterion of the clinkering that might 
be expected. It was also desirable that the 
criterion result from a reasonably rapid 
method, so that the clinkering character- 
istics of the coal would be known before 
shipment. 4 
Complaints on the severe clinkering of — 
the ash came from only a fraction of the 
output of the mine but the occurrence of — 
the clinkering seemed quite unpredictable. 
Attempts to relate the chemical compo-— 
sition of the ash and the fusion tempera- 
tures to the clinkering were unsnccesagil 
Coal from the area of the mine in which 
the fusion temperature of the ash was the 
lowest gave the least trouble from clinker- 
ing. Chemical analysis of the ash from 
that section giving the most trouble showed — 
high contents of iron and low contents of 
silica, but frequently these were not greatly 
different from those of coals that gave little 
trouble from clinker. 4 
Aside from the clinkering difficulty, the 
coal was quite satisfactory. The ash content 
was normal and high rates of burning could 
be obtained, but again and again such 
severe clinkering would occur that the 
furnace would be shut down because of the 
accumulation of clinker. Examination of 
the clinker from the customers’ plants 
showed that the clinkers that adhered to 
the grates and fouled the fuel beds were _ 
hard, flat, dense, and usually dark in * 
color. Coal that was satisfactory gave 
clinkers that were softer, bulky rather — 
than flat, of low density, and usually lighter 
in color. 


RAYMOND S. WEIMFEF 


DENSITY SUGGESTED AS CRITERION 


Two measures of the properties of the 
clinker were thus suggested, color and 
density. Although the color did seem to 
bear a relation to the degree of difficulty 
encountered, it was not wholly reliable and 
could not conveniently be expressed in a 
numerical scale. Density, on the other 
hand, could be measured accurately and 
expressed in numerical values representing 
the true or apparent specific gravity. An 
opportunity was offered also for compari- 
son of the density of clinkers formed under 
standard conditions in a laboratory test 
furnace with those formed in the furnaces 
in customers’ plants. It was conceivable 
that desirable limits of the density could 
be set up for different customers and, by 


_ knowledge of the density of the clinkers 


- 
] 


formed from coal in different parts of the 
mine, shipments could be so controlled 
that each customer would receive coal that 
would meet the requirements of his par- 
ticular conditions. 

Extensive experimental investigation, in 
which the true and apparent specific grav- 
ity of the clinkers of coals burned in several 
types of test furnaces were measured, 
revealed that the specific gravities were 
reproducible in repeat tests and that they 
were related to the degree of difficulty 
experienced by the customers in their 
plants. It was found also that certain 


materials could be added to the coal to 


modify the clinkering characteristics of the 
ash and that the change in the specific 
gravity resulting from the additions offered 
a means for control of the amount of 


~ material required to effect the desired 


result. 
After considerable experience with the 
method, a program of research was spon- 


_ sored by the Northern Illinois Coal Corpo- | 


ration at Battelle Memorial Institute, in 


Z which the method was checked under more 
- carefully controlled and measured con- 
ditions than had been used at the mine 
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laboratory. Many of the data included in 
this paper are the result of that program. 

This paper describes the method of 
formation of clinkers in the laboratory, 


Fic. ‘1.—TEST FURNACE USED AT MINE 
LABORATORY. 


the methods for measurement of the specific 
gravity of the clinkers, the relation of the 
specific gravity to the rate of burning and 
fuel-bed temperature, to results obtained 
on industrial stokers, and to other meas- 
urable characteristics of the ash, the effect 
of blending of coals on the specific gravity, 
the effect of addition of materials to modify 
the specific gravity, and the method used 
at the mine in normal operation to control 
the clinkering characteristics of the coal 
shipped. 


EQUIPMENT AND METHOD OF TESTING 


First attempts to produce clinkers whose 
specific gravity could be measured were 
made on a small laboratory scale, using a 
few grams or pounds of coal. Although this 
appeared desirable, it is obvious that the 
work required to obtain a small sample 
that is representative of a large lot of coal 
may be greater than that to burn directly 
a larger amount of coal. Furthermore, a 
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simulative test on a larger scale requires 
less extrapolation to industrial furnaces 
than does the extremely small-scale test. 
Several furnaces have been used; they 
have varied from a small heating stove, 
fired by hand but with a forced-draft 
blower, to an underfeed stoker burning 
150 lb. of coal per hour. 

Fig. 1 shows the test furnace that is 
now in regular use at the laboratory of the 
mine. A similar furnace was used in the 
investigation at Battelle. A steel shell is 
lined with insulating refractory brick and 
firebrick, to give a combustion chamber 
33 in. high and 27 in. in diameter. It is 
fired with a residential-type screw under- 
feed stoker with an 11-in. diameter retort; 
it has a feed rate of 30 to 60 lb. of coal 
per hour. The dampers for control of the 
air supplied by the stoker fan and for 
control of the stack draft are set manually. 

The standard procedure in each burning 
test is as follows: The hopper, feed screw, 
retort, and hearth are cleaned of any coal, 
ash, or clinker from previous tests. One 
hundred pounds of o to 1-in. coal are placed 
in the hopper and coal is fed to the level 
of the top of the retort. The coal is kindled 
and the stoker is operated continuously at 
the feed rate of 33 lb. per hour. In the 
tests conducted at Battelle, the ‘air was 
supplied by a separate fan through a duct 
in which the rate of air supply was meas- 
ured by means of the pressure drop across 
a thin-plate orifice; for standard tests, 
the rate of air supply was adjusted to give 
approximately 20 per cent excess air. In 
the routine tests at the mine, the air is 
not measured but is controlled by adjust- 
ment of the damper on the stoker to give 
a normal type of fuel bed. 

The operation of the stoker is continued 
until the last of the coal is fed into the 
_retort and the fuel bed burned down to the 
level of the top of the retort. The stoker 
is then shut off, the bed allowed to burn 
out and to cool. The burning test thus 
requires about three hours. 


The residue is removed from the furnace 


and separated into unburned coke, fine © 


ash, and clinker larger than 14 in., and 


the weight of each is recorded. No material © 


that is not fused is considered as clinker. 
If the amount of such material is large, 
the test is not considered reliable. 

The temperature in various parts of the 


fuel bed is read with an optical pyrometer — 
at 15-min. intervals throughout the test, - 
recorded, and averaged. As discussed later, 


such average temperatures have been 
found to bear a significant relation to the 
rate of burning and to the specific gravity 
of the clinkers, although it is recognized 
that a wide range of temperatures can be 
observed in the fuel bed of an underfeed 
stoker, dependent on the point in the bed 
on which the optical pyrometer is sighted. 


MEASUREMENT OF SPECIFIC GRAVITIES 


The apparent specific gravity of the 
clinkers is determined separately on each 
of the two or three parts into which the 
lot of clinker is divided. The determination 
is made in the usual way, by measurement 
of the weight of water displaced by the 
given weight of clinker. This is con- 
veniently done in a 2-liter graduated 
cylinder. 

The true specific gravity is determined 
by a modification of the A.S.T.M. Standard 
Method for Coke, D-167-24, in which a 
stoppered glass vial is used instead of the 
Hogarth specific-gravity bottle. A 3-gram 
sample of clinker ground to pass the 200- 
mesh sieve is covered with water in a 
12-ml. glass vial. The air is removed by 
boiling for one hour, the bottle is cooled 
and filled with distilled water, the stopper 
is put in place and the vial and contents 
are weighed. 

The true specific gravity is calculated 
as follows: 
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True sp. gr. = W— (WP) 
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where 
W = weight of dry sample, grams, 
W’ = weight of vial + stopper + dry 
sample + water to fill vial, grams, 
P = weight of vial + stopper + water to 
fill vial, grams. 


REPRODUCIBILITY OF RESULTS 


Table 1 presents the data from four 
burning tests on one coal as made during 
_ the investigation at Battelle. Tests 1 and 2 

were made at the same rate of burning but 

with different rates of supply of air, corre- 
sponding to 18 and 59 per cent excess. 

The mean fuel-bed temperature should 

have been lower with the higher excess 
_ of air and apparently this is shown by the 
- somewhat smaller percentage of clinker 
- removed. The apparent specific gravities 
— of the clinker were, however, practically 
identical, which indicates that’ variations 
of the rate of air supply, within the range 
shown, made no difference in the results. 


_ Taste 1.—Data from Several Stoker-furnace 
43 Tests, Showing Reproducibility of 
Apparent Specific Gravity 


Average burning rate, lb. perhr.| 34) 32] 46] 46 
Weight loss, 1b 100] 100] I50] 150 


_ Burning IME WAI yore ets econ s Foe 2.95|3.12/3.25/3.25 
Atri rate, Lbs sDer AT. elojerdieyslety's 2,0 342| 432] 470] 463 
' Air per ib. weight loss, lb...... IO. 1/13.5|10.2|/10.0 
Excess air, per cent?.......... 18} 590] 23) 26 


Mean stack temperature, deg. F.|1380/1380|]1540|1420 


Maximum stack temperature, 


a Be ag a epee ans io) aids ehecabii’e 1 1500/1585|1720|1670 
ie Weight of +14-in. clinker, 0z...| 20] 16] 28] “29 
~ Clinker, per cent of ash released| 33/ 26] 31| 32 


_ Apparent specific gravity of 
(SFOS OF ancicneeGe ue DOR SOROS 2.53|/2.52/2.63/2.61 


4 Calculated from flue-gas analysis, disregarding 
initial 15-min. interval of test period. 

Tests 3 and 4 were made at a higher 
burning rate but with approximately 20 per 
cent excess of air. The percentage of ash 
fused: to clinker was not greater than in 
test 1 but the apparent specific gravities 
were significantly higher than those of 
tests 1 and 2. 

_ Table 2 presents the results of burning 
- tests conducted at the mine laboratory on 
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two coals. In addition to the apparent 
specific gravity of the clinker, the, true 
specific gravity, the fuel-bed temperatures, 
and the chemical composition of the ash 
of the coal and of the clinkers are given. 
Significant facts from the tabulation are 
that the chemical composition of the 
clinkers did not vary appreciably from 
that of the ash of the coal, and that 


TABLE 2.—Data from Stoker-furnace Tests 
of Two Coals at Different Feed Rates 
SHOWING CoNSTANCY or TRUE SPECIFIC 
GRAVITY AND CHEMICAL CoMPOSITION 
BETWEEN COAL-ASH ANALYSIS AND 


CLINKERS 
ees 
ina Coal 173 
Coal 
Ibs pemhies ya ses 30 53 68 
Ash, dry basis, per 
OE ite picttlete see 4 8.25 
Heating value, dry 
basis, B.t.u. per 
ii eger bie em ees 13,091 
SUrtlesspw i> cee cee 2.96] 2.93] 2.90 
Apparent sp. gr. I.62| 1.97] 2.01 
Average fuel- bed 
temp., deg. F.. 2519| 2669] 2708 
Composition, per 
cent: ASH CLINKERS 
SiOz 39.05/40. 25|)41.01|39.56 
Al2O3 22.65|24.16|/23.78/23.87 
Fe203 32.93/31.05/30.38/31.35 


CaO. I.09| 1.31] I.14] 1:20 
MgO. £.03) 1.52) 5.07] 1.16 
Orig- 
inal Coal 1029 
Coal 
Me pe#»r HPs eye. a 33 34 48 68 
Ash, dry basis, per 
CONG oy rspchadysseenes 5.62 
Heating value, dry 
basis, B.t.u. per 
Ne hee torioeac ic 13,579 
True sps lene sccis 3, 28l) 3.20) 3. £9] 3.15 
Apparent sp. gr. 2.%2| 2,04) 2.28) 2.42 
Average fuel- bed 
temp., deg. F.. 2433| 2419| 2653| 2815 
Composition, per 
cent: ASH CLINKERS 
SiQaeiarc verse 31.05/31. 92/31.95|32.35|31.80 
BVO 8 ois crates oi 21.09/20. 50/20. 56/20.68/19.91 
es@ grein. oo eae 36. 20/37.83/37.00/37.68/37.80 
CEO Wamicblon oe 5.24| 5.03] 5.09] 5.43] 5.35 
WIS OR acai 0.77| 0.40] 0:57] 0.53] 0°61 


the true specific gravity of the clinkers did 
not vary appreciably, although the appar- - 
ent specific gravity increased as the fuel- 
bed temperature increased with increase of 
burning rate. A difference in the chemical 
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composition of the clinkers and of the ash 
would not be entirely unexpected, as a 
stratification and separation of constituents 
of widely varying composition and fusi- 


3000 


2400 


2200 


2000 


RATE OF BURNING, POUNDS PER HOUR 
Fic. 2.—RELATION OF RATE OF BURNING IN STOKER TO AVERAGE TEMPERATURE OF FUEL BED. 


bility frequently occurs in fuel beds. The 
constancy of composition for clinkers and 
coal ash for these coals indicates the 
absence of stratification and a general 
homogeneity of the original ash of the coal. 


RELATION OF FUEL-BED TEMPERATURE TO 
APPARENT SPECIFIC GRAVITY OF 
CLINKERS 


The temperature in the fuel bed of an 
underfeed stoker, at the same rate of 
feeding coal, will be expected to vary, even 
with the same excess of air, because of 
variation in the calorific value of the coal. 
Also, it is impossible to maintain a con- 
stant rate of feed for different coals because 
the stoker screws feed by volume rather 
than by weight, and the bulk densities of 
coals vary because of differences in their 
size distribution, For comparison of results 


ay 


on different coals, therefore, it is desirable 
to be able to correct to a standard reference 
temperature the value of apparent specific 
gravity obtained on a test. 


BP DE RA A yt eh ae 


Furthermore, temperatures in the fuel 
beds of industrial stokers vary from those — 
in the laboratory test furnace, because of 
differences in the burning rates, in the 
size of the furnace, and in the temperature 
of the walls of the furnace. For this reason, 
also, it is desirable to know the relation 
between the apparent specific gravity and 
the temperature so that the laboratory 
results may be extrapolated properly to 
industrial furnace practice. 

Fig. 2 shows the relation of the average 
fuel-bed temperature in the test furnaces 
to the rate of burning. As previously 
noted, the average fuel-bed temperature 
cannot be measured with accuracy because 
of the large variations in temperature in 
various parts of the bed and because of the 
rapidly changing conditions in the bed. 
For these reasons, temperatures for a given 
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rate of burning vary over a rather wide 
range but there is a significant relation 
between the temperature and the rate. 
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APPARENT SPECIFIC GRAVITY 


2200 


0.5 
2000 


2400 


197 


Using these values, the apparent specific 
gravity at any temperature may be calcu- 
lated from the values for gravity and fuel- 


. 2600 2800 3000 


; AVERAGE FUEL BED TEMPERATURE °F. 
Fic. 3.—RELATION OF AVERAGE TEMPERATURE OF FUEL BED TO APPARENT SPECIFIC GRAVITY OF 


Fig. 3 shows the relation between the 
apparent specific gravities of clinkers 
_ formed in several test furnaces and the 
average fuel-bed temperature for 12 differ- 
ent coals. Four to eight burning tests were 
made on each coal. Despite the wide range 
of apparent specific gravities of the clinkers 
formed by the different coals, there is a 
marked similarity in the slopes of the 
curves. A summation of the results of 
many tests has shown that the rate of 
change of the apparent specific gravity with 
temperature is 0.0016 per degree. For the 
clinkers of higher apparent specific gravity, 
the rate of change is 0.0014 per degree; for 
those of lower gravity, the rate is 0.0018 
___ per degree. 


CLINKERS FOR SEVERAL TYPICAL COALS. 


bed temperature found in a given test. A 
temperature of 2600°F. has been chosen 
as a reference point and observed values 
have been calculated to this point for most 
of the data presented in this paper. 


RELATION OF TRUE AND APPARENT 
SPECIFIC GRAVITY Z 


The true specific gravity of a given coal 
ash or clinker should have a unique value 
that is independent of the temperature 
at which the ash or clinker is heated, unless 
the mineralogical composition of the mate- 
rial is changed by the heating. The data 
on two coals given in Table 2 showed that 
the changes in true specific gravity with 
rate of burning and fuel-bed temperature 
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were less than those in the apparent specific 
gravity. 

The apparent specific gravity is less 
than the true specific gravity because of 


4.0 


3.5 


Upper limit of 
relation between 
true and opparent 
specific gravities 


3.0 


2.0 


APPARENT SPECIFIC GRAVITY @ 2600° F 


large number of determinations on clinkers — 
from many coals at different temperatures 

are included in the figure. As would be 
expected, the curve approaches the limit © 


TRUE SPECIFIC GRAVITY 
Fic. 4.—RELATION OF TRUE SPECIFIC GRAVITY TO APPARENT SPECIFIC GRAVITY AT 2600°F. 


the inclusion within the fused mass of 
closed cells that are not filled with water 
when the clinker is immersed in water. As 
the clinker is subjected to higher tempera- 
tires, its viscosity decreases, and the 
closed cells decrease in size as the enclosed 
gas escapes or as the surface tension can 
draw the mass together. Thus, the apparent 
specific gravity increases with increase of 
temperature, as has been shown. 

Fig. 4 shows the relation between the 
apparent specific gravity, corrected to 
2600°F. by the method previously ex- 
plained, and the true specific gravity. A 


of equality of true and apparent specific 
gravity. A surprisingly close relation be- 
tween the apparent and true specific 
gravities is indicated. 


CORRELATION OF TEST DATA WITH 
RESULTS ON INDUSTRIAL FURNACES 


For this new criterion of the clinkering 
characteristics of coal ash to be proved 
applicable to the selection of coal for 


industrial furnaces, it is necessary to estab-- 


lish a relation between the laboratory data 
and those obtained in operating furnaces. 
It is also necessary to establish the range 
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of apparent specific gravities within which 
satisfactory operation occurs. 
“Satisfactory” and “unsatisfactory” are 
rather loose terms as applied to the per- 
formance of a coal or the clinkering charac- 
teristics of an ash, but often no more 
definite explanation is obtained by the 
producer from the customer. When ex- 
pressed in more definite terms, such phrases 
as “sticking clinker,” “fouled fuel bed,” 
and “slow heat release” often are used. A 
sticking clinker is one that becomes very 
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with the air, the desired rate of heat release 
is not obtained. In such fuel beds, the 
ash remains voluminous and often fluffy. 
It occupies much volume. A coal with the 
same or even higher content of ash by 
weight would be satisfactory if it made a 
denser clinker that did not shut off the 
flow of air or shield the fuel from the air. 

Table 3 presents a comparison of the 
specific gravities of clinkers produced in 
the standard laboratory control tests on 
coal sampled at the mine, in the same type 


TABLE 3.—Comparison of Specific Gravities of Clinkers trom Tests of Samples at the Mine 


and at the Users’ Plant, and of Clinkers from Users’ Furnace 
Se a a a ee Oe 


At Mine From User’s, Plant 


Standard Control Test 


Coal Clinker Coal 


Ash, Dry| Appar- |Ash, Dry 


Clinker, Specific Gravity 


Furnace 


Type of Equipment 


and Service Results 


Basis, ent Basis, | True | 4PPar- | Appar- 
Per Cent | Sp. Gr.¢|Per Cent ents ent ene 
10,9 TF Tie 2.9 I 2.3 2.7 Steam underfeed heat-| Satisfactory 
ing 
D233 ater, 10.3 258 1.6 1.2 2.9 | Underfeed steam Slow heat release 
6.1 3.1 2.9 Underfeed power Clinker sticking 
6.6 Bek 3.3 3.9 | Incline grate heating_} Clinker sticking 
"6 r 3u3 4.1 Underfeed heating Clinker sticking 
ie 3-7 9 2.3 3.5 | Hand fire heating Satisfactory 
b 2.7 3.5 | Underfeed heating Clinker sticking 
foil 3-5 2.3 U7 Hand fire power Satisfactory 
0% 2A eich 2.0 1.8 Bak Chain-grate heating Satisfactory 
10.6 210 2.2 2.6 2.9 Incline grate pay 1 
9.1 PS] Te < . ow heat release 
- : Eee ere { Fouled fuel bed 
0 3.0 1.9 7 Locomotive power Satisfactory 
TOLE Bus - Thies Underfeed steam Slow-heat release 
2 s 2.2 Underfeed Satisfactory 


@ Adjusted to 2600°F. 
b Temperature not observed. 


- fluid, runs to the grate to shut off the air, 
-and sticks to the grates and walls. It will 


limit the upper rate at which the fuel can 
be burned and thus limit the output of the 
boiler. A fouled fuel bed is one in which 
the ash accumulates in the bed, increasing 


the resistance to the flow of air. The result 


usually is the same as expressed by the 
phrase ‘‘slow heat release” and the char- 


acteristics of the coal may also be described 


as ‘‘too much ash.” By increasing the 
resistance of the bed to the flow of the 
air, or by shielding the fuel from contact 


of tests on coal sampled at the user’s plant, 
and on clinkers taken from the plant fur- 
nace, together with notes on the results 
that the user obtained with the coal. The 
tabulation includes coals whose ash con- 
tents were 4.7 to 11.4 per cent. 
Comparison of the true specific gravities 
of the clinkers formed in the test and in the 
operating furnaces shows that there was 
good agreement between the values despite 
the probable differences in the tempera- 
tures in the two furnaces. This is in accord 
with the reasoning that the true specific 
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gravity is a unique characteristic of a coal 
ash of given chemical and mineralogical 
composition. 


ASH GOMPOSITION, PER CENT 


clinkers of medium apparent 


APPARENT SPECIFIC GRAVITY @ 2600° F. 
Fic. 5.—RELATION OF APPARENT SPECIFIC GRAVITY OF CLINKER TO CHEMICAL COMPOSITION OF ASH 


The agreement of the apparent specific 
gravities obtained in the test furnace with 
those in the operating furnace is not as 
close as for the true specific gravity. This 
is expected because of the difference in 
temperature conditions. Frequently, how- 
ever, the agreement is close and they are 
always of similar order. 

Coals that are classified as giving a 
sticky clinker gave clinkers of relatively 
high apparent specific gravity—2.7 to 3.3. 
Those that were rated as satisfactory gave 


high specific gravity, 1.8, but the other 
two, which were unsatisfactory, for a 
similar reason had relatively low specific 
gravities, 1.2 to 1.3. 

The indications from these data, which 
are supported by many other data obtained 
in the years of experience with this method, 
are that for most satisfactory performance 
the clinker obtained in the standard test 
furnace should have an apparent specific 
gravity of about 2.0 to 2.5. On coals whose 
clinker has higher apparent specific gravi- 


specific 
gravity, 1.7 to 2.6. One that was rated as 
giving a slow heat release had a moderately 


ween 
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ties, complaints will be received on exces- 
sive clinkering; on coals whose clinker has 
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the chemical composition and the fusion 
temperatures of the ash. 


FLUID 


SOFTENING 


S 


Fic. 6.—RELATION OF APPARENT SPECIFIC GRAVITY OF CLINKER TO FUSION TEMPERATURE OF ASH. 


lower gravities, complaints will be received 
on slow heat release and excessive amounts 
of ash. 


RELATION OF APPARENT SPECIFIC GRAVITY 
OF CLINKER TO CHEMICAL COMPOSITION 
AND ASH-FUSION TEMPERATURES 


During the course of the development 
of this new criterion for the clinkering 
characteristics of ash, data have been 
obtained, for most of the coals tested, on 


Fig. 5 shows the relation between the 
contents of silica, alumina, ferric oxide, 
and calcium plus magnesium oxides and 
the apparent specific gravities of the 
clinkers, corrected to 2600°F. About 
one-half of the coals included in this plot 
are from the Illinois No. 2 seam, in which 
the Wilmington mine of the Northern 
Illinois Coal Corporation is working. Others 
are from the Illinois Nos. 5 and 6 seams, 
and from seams in Indiana, West Virginia, 
and Kentucky. Definite trends are shown. 
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The apparent specific gravity increases as 
the silica and alumina contents decrease, 
and it increases as the ferric oxide and lime 
and magnesium oxides increase. The dis- 
persion of values for any one gravity is 
high and it is apparent that the apparent 
specific gravity of the clinker cannot 
be closely predicted from the chemical 
composition. 
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specific gravities of a part of the samples 
presented in Figs. 5 and 6.* 


MopIFICATION OF APPARENT SPECIFIC 
GRAVITY AND CLINKERING 
CHARACTERISTICS 


Although the determination of the ap- 
parent specific gravity of the clinker from 
a coal affords a means for the selection of 


TABLE ‘4.—Composition and Fusion Temperatures of Ash and Apparent Specific 
Gravity of Clinker 


Fusion Temperatures, 


Deg. F. 
Ash, Dry 
greets Coal Seam Basis, in 
" Per Cent} Initial 
Defor- | Soften- 
mation ing 

126 Ind. 5 10.3 2120 2390 
148 Ind. 5 8.7 1850 2320 
rar Ind. 5 9.9 2020 2250 
893 Ill. 2 ri55 2140 2340 
173 Ind. 6 14.7 I9Io0 2020 
1023 Ill. 6 10.5 2020 2150 
TOMS sla 13.8 2440 2190 
173 Ind. 6 8.3 1980 2120 
I0Is Ind. 5 10.6 2070 2190 
1024 Ill. 2 8.9 2300 2100 
707 Til. 6 se 2100 2210 
1009 Til. '2 7.8 1980 2100 
1020 Ill. 2 4.6 1920 2040 
935 Ti. 2 6.4 1950 2020 
1007 Til. 2 7.8 2000 2070 
1008 Cherokee, Kan. 7.5 2010 2110 
1014 Ill. 2 6.1 1900 2020 
44 Til. 2 Wee 2090 2210 
12/13 | Ind. 5 10.0 

t19-a | Ind. 5 10.2 2170 2360 
119-b | Ind. 5 16.8 2580 2680 
I1g-c | Ind. 5 8.9 2190 2310 
119-d | Ind. 5 10.0 

Itg-e | Ind. 5 TGr 

I19-f | Ind. 5 $1.2 

ee Ind. 5 9.5 2080 
I19- Ind. 5 10.0 

I19-i | Ind. 5 10.0 

I19-j | Ind. 5 10.0 - 


Fig. 6 shows the relation of the apparent 
specific gravity to the initial deformation, 
softening, and fluid temperatures of the 
clinkers as determined by the A.S.T.M. 
Standard cone test. Again, there is a general 
trend toward decrease of the fusion tem- 
peratures as the apparent specific gravity 
increases but the spread is large at any one 
gravity. A wide range of gravities is ob- 
tained for clinkers whose softening tem- 
peratures fall between 2000° and 2100°F. 

Table 4 presents the fusion temperatures, 
chemical composition, and the apparent 


Chemical Composition 
of Ash, Per Cent A 
pparent 


Sp. Gr. 


at 
MgO +] 2600°F. 
CaO 


Al2O3 | Fe2O3 
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coal suited to a particular plant, yet it was 
found that many parts of the mine yielded 
coal whose ash formed a clinker of such 
high apparent specific gravity that it was 
not suitable for use by many customers. 
Some means for control of the apparent 
specific gravity of the clinker, and thus of 
its suitability, were sought. Two methods, 

*Editor’s Note: An attempt was made to 
include a complete tabulation of the data of 
Figs. 5 and 6, for the benefit of those who might 
like to make a more detailed study of these 
values. Because of the untimely death of the 


author, it has been impossible to find the com- 
plete data used for the figures. 
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blending of two or more coals and the use 
of additional materials, have been tried 
and found satisfactory. 


3.56 


APPARENT SPECIFIC GRAVITY 
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characteristics of the ash markedly is well 
known. Four examples of the effect of 
cleaning on the apparent specific gravity 


0 
COAL A, PER CENT 


100 80 


60 40 
COAL B, PER CENT 


Fic. 7.—RELATION OF APPARENT SPECIFIC GRAVITY OF CLINKER TO RATIO OF BLENDS OF TWO COALS. 


Modification by Blending 


Fig. 7 shows three examples of the varia- 
tion in the apparent specific gravity of the 
clinker as two coals are mixed in different 
proportions. The curves are slightly con- 
cave upward; that is, the addition of a coal 
whose ash forms a clinker of the lower 
specific gravity decreases the specific grav- 
ity of the higher slightly more than pro- 
portionately. Where two coals that form 
clinkers of widely different apparent specific 
gravity are passed through one preparation 
plant, it may often be possible so to blend 
the coals as to enable the successful use in 
a plant where the one could not otherwise 
have been used. The use of the laboratory 
testing furnace enables the selection of the 
proper ratio for blending. 


Modification by Cleaning 


That cleaning of the coal, or even screen- 
ing, will frequently change the clinkering 


of the clinker from the standard test are 
given in Table 5. 


TABLE 5.—Effect of Cleaning on Apparent 
Specific Gravity of Clinker from Standard 


Test 
oy Ash Apparent 
Coal No. Condition Content, p. Gr. 
Per Cent | at 2600°F. 
165-TR As mined -9 I.35 
165-TF Cleaned 2 Liat) 
165-BR As mined .0 E37 
165-BF Cleaned oa 1.67 
167-R As mined uy 2.08 
167-F Cleaned i 1.85 
173-R As mined .2 1.60 
173-F Cleaned .9 1.85 


Cleaning of three of the four coals caused 
a moderate decrease in their ash content 
and a decrease in the apparent specific 
gravity of the clinker. The reduction in the 
ash content of the fourth coal, 173, was 
more marked and the specific gravity of 
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the clinker was increased rather than 


decreased. 


FUSION TEMPERATURE 


SPECIFIC GRAVITY OF CLINKER 


The volume of the ash may be increased 
although the actual weight is decreased. 


AL | | | sorrenns A | || 
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Fic. 8.—RELATION OF TRUE AND APPARENT SPECIFIC GRAVITIFS OF CLINKERS AND OF FUSION 
TEMPERATURES OF ASH TO ADDITIONS OF FIRE CLAY TO COAL A. 


The direction in the change of the specific 
gravity of the clinker undoubtedly depends 
on the nature of the ash-forming material 
that is removed from the coal. If the reduc- 
tion is in the silica and alumina contents, 
the specific gravity will be increased; 
if pyrite or lime, or both, is removed, 
the specific gravity will undoubtedly be 
decreased. 

If the specific gravity of the clinker is 
materially reduced by cleaning, complaints 
may be received on the amount of ash, 
whereas none were received before cleaning. 


Modification by Additions to Coal 


In the search for methods for the modi- 
fication of the clinkering characteristics 
of the ash of the coal being produced at the 
Wilmington mine, trials were made of the 
addition of various materials to the coal. 
These materials included silica, bauxite, 
fire clay, and lime. Although it may appear 
incongruous to add ash-forming materials 
to coal after the removal of such materials 
by cleaning, it is justified if a useful result 
is obtained. Because the coal produced has 
an ash content of 4 to 7 per cent after clean- 
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ing, the addition of even 4 to 5 per cent of 
an ash-forming material would not increase 
the ash content above that of many coals 
sold on the same markets. 

Fig. 8 shows the relation of the true and 
apparent specific gravities and the fusion 
temperatures of the ash of one coal from 
the Illinois No. 2 seam to the amount of 
fire clay added to the coal. The character- 
istics of the coal and of the ash were as 
follows: 


PROXIMATE ANALYsIS, Dry Basis, PER CENT 


SGI Sy Sey ea ET ea oe 4.5 
Rolie MALLER <.. Shc-accl-nenaitod vce AOus 
RroceCaCAT DON: cs oo TP enmeeene a) fk mone & CoO 

URS BEN Ca I eee CaaS tee as BRET DI WR 100.0 
“ful FOLDERS cesth Bech baer ea ert en gee A Tag 
Caloric value, B.tat. per Ibu... .622. 13,610 

AsH COMPOSITION, PER CENT 

(Ue oie Sete ae cots Ai ft eee eee ee 27.1 
PSGTIN Aa ties nes hes teins Sete afer ete 13.5 
BenrIClOXIUG -paeras niet Cees he occas 25.7 
ROAICHINT. OXI sheets Merion ate eh sts 12.6 
Magnesium Oxides .....eac «4. on occ: B42 
BUlphactrioxdesg. . gasine sees ces ae 10.7 
Wnaetermined 22 cc ace mcs Sou aed 8.2 

RO LAE Re erate ciety) oh nd tod s Lae oe 100.0 


The burning tests were made at Battelle 
under carefully controlled conditions, at a 
rate of burning of 31 to 33 lb. of coal per 
hour. A total of roo Ib. of coal was used 
for each test. The determinations of the 
fusion temperatures were made on the 


‘clinker resulting from the burning tests. 


Both the true and apparent specific 
gravities of the clinkers decreased with 
increasing amounts of fire-clay additions. 
The decrease in the apparent specific grav- 
ity was greater than that of the true 
specific gravity. The changes in the initial 
deformation and softening temperatures 
were not pronounced until additions of 
more than 5 per cent were made; then they 


increased. The fluid temperature of the 
- clinker increased to a more marked degree 


than did the other fusion temperatures; 
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this fact has been noted by other investi- 
gators. The data clearly demonstrate that 
the criterion of the apparent specific 
gravity is more reliable as a guide to the 
addition of the fire clay than are the fusion 
temperatures. 

Fig. 9 shows similarly the relation of 
the specific gravities and fusion tempera- 
tures to the amounts of silica added to 
another coal from the Illinois No. 2 seam. 
The characteristics of the coal and its ash 
follow: 


PROXIMATE ANALYSIS, Dry Basis, PER CENT 
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These burning tests were made at the mine 
under less carefully controlled conditions 
than those made at Battelle. However, the 
fuel-bed temperatures were recorded and 
the apparent specific gravities are corrected 
to a temperature of 2600°F. The fuel-bed 
temperatures observed ranged from 2625° 
to 2515°. 

The true and apparent specific gravities 
were decreased to a like extent with the 
additions of sand to this coal up to an 
addition of 4.2 per cent. A further addition 
to 5.6 per cent caused a slight increase in 
the gravities. 

Fig. 10 shows similar data for the same 
coal but with the addition of limestone. 
The averages of the observed fuel-bed 
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temperatures ranged from 2625° for the 
untreated coal to 2480° for the coal with the 
highest percentage addition of limestone. 
Up to about 3 per cent, the addition of 


. 2400 


FUSION TEMPERATURES, °F. 


SPECIFIC GRAVITY OF CLINKER 


The same lot of coal was used for a trial 
of the effect of additions of ash produced 
by low-temperature combustion of the coal. 
In this way, the content of the ash was 
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Fic. 9.—RELATION OF TRUE AND APPARENT SPECIFIC GRAVITIES OF CLINKERS AND OF FUSION 
TEMPERATURES OF ASH TO ADDITIONS OF SAND TO COAL. 


limestone increased the apparent specific 
gravity of the clinker and it remained 
constant with increasing additions up to 
the maximum of 5.6 per cent used. Despite 
the more pronounced clinkering of the 
ash as shown by the increase in the specific 
gravity, the fusion temperatures did not 
decrease as might have been expected but, 
instead, increased. 


increased without change in its compo- 
sition. The results were as follows: 


Ash added, per cent....... 
Apparent sp. gr. at 2600°.. 


The effect of the additions of ash of the 
same composition are thus seen to be 
slight. 
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For practical use of the apparent specific 

gravity of the clinker as a criterion of the 
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permit the addition of the minimum quan- 
tity of the ash-forming addition. Although 
the additional material serves a useful 
purpose in effecting more satisfactory 


PER CENT 


Fic. 10.—RELATION OF TRUE AND APPARENT SPECIFIC GRAVITIES OF CLINKERS AND OF FUSION 
TEMPERATURES OF ASH TO ADDITIONS OF LIMESTONE TO COAL. 


clinkering characteristics of the coal, and 
for modification of the apparent specific 
gravity by the addition of silica or other ma- 
terial to the coal at the mine, to suit the coal 
to the particular requirements of a customer, 
it is essential that some rapid method for 


3 the calculation of the amount of addition 


to be made shall be available. It is also 
desirable that the method be accurate to 


performance of the coal, excessive addi- 
tions are undesirable, as any addition 
reduces the calorific value of the coal. 

Fig. 11 shows a type of chart that has 
been worked out from experience with the 
coals produced by the Northern Illinois 
Coal Corporation as burned in its cus- 
tomers’ plants. Three regions are shown: 
the upper region is one of highly fluid ash, 
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which forms flat clinkers that have a high 
specific gravity; the middle region is one 
of satisfactory clinkers which do not flow 
down upon the grate but move along with 


satisfactory in furnaces where the fuel-bed 
temperature is of this order. As the ash 
content increases, it has been found that 
the allowable specific gravities increase to 


REGION OF HIGHLY 
FLUID ASH FORMING 


REGION OF 
20L SATISFACTORY 
CLINKER FOR 
FUEL BED 
TEMPERATURES 
SHOWN 


APPARENT SPEGIFIG GRAVITY AT 2600° F. 


REGION OF UNFUSED 
OR VISCOUS ASH 


FORMING VOLUMINOUS 
ASH OR CLINKER 
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ASH IN GOAL, PER GENT | 
Fic. 11.—APPROXIMATE RELATION BETWEEN ASH CONTENT OF COAL, APPARENT SPECIFIC GRAVITY 


OF CLINKER, AND EXPECTED CLINKER DIFFICULTY FOR VARIOUS FUEL-BED TEMPERATURES. 


the fuel bed to be discharged uniformly; 
the bottom region is one of unfused or 
very viscous ash, which form voluminous 
masses of ash or clinker of low specific 
gravity. 

Three boundaries of fuel-bed tempera- 
ture are also shown. Taking, for example, 
the boundaries of the 2400° region: coals 
with 4 per cent ash content, whose clinker 
has a specific gravity of 2.0 to 2.6, will be 


a range of approximately 2.4 to 3.0. For 
fuel-bed temperatures of the order of 2800°, 
corresponding to high-duty furnaces, the 
range of satisfactory clinker is 1.2 to 1.9 


for a coal of 4 per cent ash and 1.6 to 2.3. 


for a coal of 12 per cent ash. 

Fig. 12 shows a working chart for calcu- 
lation of the amount of silica to be added 
to coals of various original ash contents, to 
bring them into a range of satisfactory 
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operation for use at various fuel-bed tem- 
peratures. The curves marked 2400°, 2600°, 
and 2800° have been found: by experience, 
and are the upper limits of the temperature 
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APPARENT SPECIFIC GRAVITY AT 2600° F. 


1.0 to 6 per cent. 


209 


use in a low-duty furnace that has a fuel- 
bed temperature of 2400°. Locating the 
point 5.3 of the chart, a line is traced 
concentric with the guide lines to below 


Guide Lines for the Modification of 
_ Apparent Specific Gravity by Addition 


of Silica Sand. 


Example: Goal has 5 per cent Ash with an Apparent 
3.0@ 2600° F. Broken Line Parallel to Guide Lines Shows 
that for Fuel Bed Temperoture: 


(1) of 2400° Enough Sand Should be Added to Increase Ash 


(2) of 2600° Enough Sand Should be Added to Increase Ash 


to 7 per cent. 


(3) of 2800° Enough Sand Should be Added to Increase Ash 


to 8 per cent. 
0.5 


ASH IN COAL, PER CENT 


Fic, 12.—TYPICAL WORKING CHART FOR CALCULATION OF AMOUNT OF SILICA SAND TO ADD TO COAL 
FOR MODIFICATION OF CLINKERING CHARACTERISTICS OF ASH. 


ranges shown in Fig. 11. The guide lines 
sloping downward from left to right are 
located on the basis of trials with the 
company’s coals such as were shown in 
Fig. 9. 

An example of the use of the chart is 
shown in Fig. 12. A coal having an initial 
ash content of 5 per cent and an apparent 


specific gravity of the clinker at 2600° of 


3.0 is to be modified to make it suitable for 


the 2400° line. This coincides with an ash 
content of 6 per cent; the apparent specific 
gravity of the resultant clinker may be 
expected to be approximately 2.7. 

For fuel-bed temperatures of 2600°, 
enough sand should be added to increase 
the ash content to 7 per cent, when the 
clinker will have an apparent specific 
gravity of approximately 2.4. For a high- 
duty furnace whose fuel-bed temperature 
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is expected to be of the order of 2800°, 
enough sand should be added to bring the 
ash content to 8 per cent; the apparent 
specific gravity will then decrease to 2.2. 
4.0 


3.5 


3.0 


we? 
Bi 


é iT / 


APPARENT SPECIFIC GRAVITY AT 2600° F. 
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The particular working charts shown in 
Figs. 12 and 13 are applicable only to the 
mines of this company. Others desiring to 
use this criterion and method of control 


Guide Lines for the Modification of 
Apparent Specific Gravity by Addition 


™, 
oo 


Example: Coal has 5.8 per cent Ash with an Apparent Specific Gravity 
of 1.05 @ 2600°F, Broken Line Parallel to Guide Lines Shows 
that for Fuel Bed Temperatures: 


0.5 
to 6.5 per cent. 


(1) of 2800° Enough Lime Should be Added to Increase Ash 


(2) of 2600° Enough Lime Should be Added to Increase Ash 


to 7.2 per cent. 
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ASH IN COAL, PER CENT 


Fic. 13.—TYPICAL WORKING CHART FOR CALCULATION OF AMOUNT OF LIME TO ADD TO COAL FOR 
MODIFICATION OF CLINKERING CHARACTERISTICS OF ASH. 


Fig. 13 shows a chart for use with coals 
whose clinkers normally have such a low 
specific gravity that they are too volumi- 
nous and retard the burning of the coal, and 
to which the addition of limestone will in- 
crease the specific gravity. The guide lines 
for control of the amount of the addition 
now slope upward from left to right; they 
are drawn from data suchas are shown in 
Fig. 10.: Examples of the use are given in 
Fig. 13. 


would have to work out similar charts for 
their particular coals after tests with this 
method on the coals and with various addi- 
tion agents. 


A pparent Specific Gravity Contours of Mine 


Theuse of charts such as those of Figs. 12 
and 13 presupposes a knowledge of the ash 
content and apparent specific gravity of 
the clinker of the coal about to be treated 
and loaded in the tipple. Even though the 
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method for the determination of the ap- 
parent specific gravity is relatively simple, 
it cannot be run while the coal is in the 
tipple. It is necessary, therefore, that the 
mine be surveyed beforehand. 
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possible, and the addition of silica, lime, 1 


or other materials when necessary. 

Table 6 shows the results of the treat- 
ment of typical coals as revealed by a com- 
parison of the ash contents and specific 


TABLE 6.—Comparison of Specific Gravities of Clinkers from Untreated and Treated Coal 
from Laboratory Tests and of Treated Coal and Clinkers from User’s Plant 


As Mined As Shipped 


From User’s Plant Plant Clinker 


Ne al eal 


OS ; 


Specific Gravity 


Ash, D SiO: | Ash, D Ash, Di Ripe Ge, Gaara 
sh, Dry 1O2 sh, Dry | A. ent| Ash, Dry ; 
Basis, eae Added, Basis, So One Basis, 

Per Cent Per Cent | Per Cent Per Cent Tease? lApparentel Apparent aaa rass 
6.2 2.9 3.6 9.8 9.4 ae Le 4.5 3.0 
6.3 a 333 9.6 9.5 2.9 3.2 2.0 2585 
5.2 2.9 ans 9.7 2.0 2.8 
5.5 By3 5.0 10.5 CTs 2.8 
5.2 2.9 3.0 8.2 8.2 a.3 2.3 2.4 3-3 
5.4 3.1 2.0 b he oe a5 2.6 2.5 3.4 
3.9 Beh, I.0 5.5 2.3 arr 
7.6 2.9 4.0° {T,.@ 11.2 ey 2.2 2.4 3.9 
6.0 2.9 4.0¢ 9.6 9.6 te 1.8 1.9 2.9 
7.0 7 2.04 8.2 8.2 Se 2: 7.6 


¢ From standard test-furnace burnings. 

6’ Determined on clinker from user’s plant. 
© 4 per cent clay. 

4 2 per cent limestone. 


Fig. 14 shows contour lines of constant 
apparent specific gravity of the clinker at 
2600° for a section of one of the working 
pits of the Wilmington mine of the North- 
ern Illinois Coal Corporation. With this 
chart, charts such as Figs. 12 and 13, anda 
knowledge of the equipment in use in the 
customers’ plants, the operator can load 
coal without treatment, or with the correct 
amount of the proper treatment to meet 
the required conditions of operation. 


PRACTICAL REsutts oF UsE or NEW 
CRITERION 


The use of the criterion of the apparent 
specific gravity of the clinkers in control 
of the shipments from the mines of the 
company has proved highly satisfactory 
over the past several years. The best con- 
trol of shipments is considered to be the 
selection of coal from the current produc- 
tion whose ash will have specific-gravity 
characteristics suited to the requirements of 
the customer’s plant. Blending is used when 


gravities of clinkers from the laboratory 
furnace before and after treatment and of 
clinkers from the treated coal as sampled 
at the user’s plant and of clinkers from the 
user’s furnace. Inspection of this table will 
show that the apparent specific gravity 
of the clinkers formed in the laboratory test 
furnace from coal sampled at the user’s 
plant and that of clinkers taken from the 
user’s furnace usually checked quite closely 
with that obtained on the sample taken at 
the mine. Close agreement is also shown 
between the true specific gravity of the 


clinkers from the test furnace and from ~ 


the user’s furnace. 

A few examples of the effect of the addi- 
tions on the performance of typical plants 
will be of interest. One customer operated 
both a slag-tap, pulverized-coal-fired fur- 
nace and underfeed stokers. The former 
requires a coal giving a highly fluid ash— 
that is, one with high apparent specific 
gravity; the stokers require a coal giving a 
clinker of low specific gravity. By proper 
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selection of coals from the various sections 
of the mine, and by treating when required, 
the proper coals for the two applications 
are shipped to the customer. The cars are 
marked for the application to which they 
are to be put. 

In a burning test of 10 cars of coal in a 
railroad locomotive, the coal failed to give 
satisfaction because the ash was of low 
apparent specific gravity. Both a coal 
specially selected because of its higher 
specific gravity and two cars of the first 
coal treated with additions of lime proved 
satisfactory. The heating value and ash 
content of all coals were similar. 

‘Certain users have seasonal load de- 


_ mands in which extremely high loads are 


placed on the boiler plant for short periods. 
They had serious clinker trouble during 
these peak periods. By treatment of the 
coal to decrease. the apparent-specific grav- 
ity of the clinker, satisfactory operation 


-_was obtained during the peaks. After the 


peak had passed, coal having clinker of 
normal specific gravity was again shipped 
to the plants. 

The equipment installed for the treat- 
ment of coal consists of a central supply 
bin, a conveying system to feeding bins, 
and vibrating feeders by which the admix- 


ture can be applied at uniform rates up to 


5 per cent by weight of the coal with an 
accuracy of 0.25 per cent. 

Over the last three-year period, the 
tonnage treated and the amounts of sand 
used have been as shown in Table 7. 


TABLE 7.—Tonnage Treated and Sand Used 


Average 
Coal Percentage| Sand ic 
Year | Treated, of Mine Used, oe 
ous Output Tons Dewicent 
1939 | 290,000 25 7,600 2.6 
1940 230,000 18 6,000 a5, 
1941 170,000 I5 3,800 ee 


The decrease in the percentage of the 
coal treated, and of the amount of addition 


- made, are the result of a better knowledge 


—— 
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of the selection and treating from the 
accumulated experience and to a slight 
decrease in the apparent specific gravity 
of the clinker of the coal as mined. 

Without a method for.the control of the 
amount of additional material, virtually 
all of the coal would require the maximum 
treatment, whereas with the control the 
amount added varies from o to 5 per cent. 
A regular addition of 4 to 5 per cent to all 
of the coal mined would be prohibitive, 
because of the increase in the ash content 
of the coal with no offsetting beneficial 
result. 

Some segregation of the admixture is 
known to occur but sand passing the 1o0o- 
mesh sieve adheres fairly well to the coal 
if it is not subjected to excessive handling 
and drying. A local clay that adheres better 
than the sand is available, and a smaller 
amount is required to give comparable 
results, but the appearance on the coal is 
unsatisfactory. 


SUMMARY 


This paper has presented a new criterion 
for the clinkering characteristics of coal 
ash; namely, the apparent specific gravity 
of the clinker formed when the coal is 
burned under controlled conditions simu- 
lating those of industrial underfeed stokers. 
The method used in the burning tests re- 
quires no more coal than a gross sample 
taken for preparation of the usual labora- 
tory sample and the total time and expense 
are little more than for the usual ash-fusion 
determination. 

The apparent specific gravity of the 
clinker has been shown to increase with 
increase in the fuel-bed temperature, and a 
method for correction to a standard temper- 
ature of 2600° has been described. 

The apparent specific gravity has been 
shown to be roughly related to the other 
measurable characteristics of coal ash, the 
chemical composition and the fusion 
temperatures, and has been shown to vary 
more regularly with additions of extraneous 
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ash-forming material than do the fusion 
temperatures. , 

By laboratory test and by plant experi- 
ence, the additions of silica, fire clay, and 
limestone have been shown to effect desir- 
able changes in the clinkering character- 
istics of coal ash. Fire clay and silica 
decrease and limestone increases the 
clinkering. 

A practical control method* has been 
described by which the amounts of admix- 
tures required may be quickly calculated 
when the apparent specific gravity and 
ash content of the coal to be treated and 
the operating characteristics of the user’s 
plant are shown. Although the working 
charts presented are not generally appli- 
cable to all coals, similar charts can be 

*Editor’s Note: It is understood that a 
patent application covering this method of 
evaluating the clinkering characteristics of 


coal ash and its control was filed by the author 
before his death. 


worked out for other mining properties, 
and it is the hope of the author that others 
will try out the new criterion and report the 
results that they obtain. 
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Practical Anthracite Combustion 


By J. F. K. Brown,* MemBer A.I.M.E., anp E. E. Rorcxert 
(New York Meeting, February 1942) 


For three years The Hudson Coal Co. 
has used egg anthracite instead of coke in 
its foundry cupola. It has long passed the 
stage of being told it cannot be done—the 
_ metal would be cold, of poor quality, or the 
_ speed of operation would be low. From 
observation, from use and from test, we 

know that our metal is about average; 
_ the cast iron invokes no adverse comment 
~ from the machine shop and the speed suits 
our foundry requirements. We have there- 
fore resolved into practice anthracite com- 
bustion processes in an industrial furnace 


~ formerly using coke, under conditions suit- 


able to our needs. 

When it comes to translating what we 
know into use in another cupola, however, 
where operating conditions may be differ- 
ent, or to explaining why, with seemingly 
the same conditions in our own cupola, we 
have attained sometimes a temperature of 
2800° in the metal and at another time 
2600°, or a speed of 5 tons per hour against 
21 tons per hour, we cannot do it. We can- 
not do this because there seems to be an 
unbridged gap between laboratory ideas 
on combustion and practical ideas on com- 
bustion, which we have been unable to 
cross in terms understandable to us as 
practical consumers. This gap or bridge 
centers around the problem of how com- 
bustion actually takes place; and we believe 
it is controlled by two factors: (1) the char- 
acter of the surface of the fuel and (2) 
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the space provided and needed within 
which the oxygen of the air is allowed to 
or can act on that surface. 

It has long been contended on behalf of 
coke that porosity is an important factor 
in combustion, although, admittedly, there 
are two schools of opposing thought on 
this question, as revealed in technical 
literature. It has been understood generally 
that a light, porous coke is the best metal- 
lurgical fuel because there are more square 
inches of carbon exposed to the blast of air, 
therefore more useful carbon-dioxide reac- 
tions can take place in the given space 
between the entrance of the air and the 
point where useful work is done. It is now 
our general idea that the heavier and the 
harder the coal, the better the metallurgical 
fuel, provided the surface of that fuel is 
suitable for fast reaction with the oxygen. 


TIME AND SPACE 


A cupola is loaded in layers of fuel and 
iron. The horizontal line where the first 
charge of iron rests on the coal is the top 
of the bed coal. With us that is 22 in., 
usually, above the tuyeres where the air 
enters. This means 600 lb. of coal. Every 
subsequent coal layer is roo to 125 lb. of 
coal, and that 100 to 125 lb. of coal melts 
1000 lb. of iron at around 2700° in the 
ladle. This quantity of coal represents a 
3-in. layer spread across the cupola. The 
question arises: If this 3 in. of coal will 
melt 1000 lb. of metal, why was it neces- 
sary to use 600 lb., or 22 in., of coal beneath 
and between the first charge of iron and 
the air entrance? 
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Our first attempt to answer that question 
was to lower the bed level from 22 in. 
above the tuyeres, by stages, to 7 in. above 
the tuyeres. As we went down, however, 
the metal melted faster (which in itself 


was interesting) but the metal temperature addition of 100 lb. of coal on the top to do : 
decreased and finally could just about be the actual melting, thus making a total — 
poured into the molds. This meant that of 600 lb. of material in the bed, the same | 
there was a time-space factor involved— quantity as when coal alone is used, and ; 


viz., time for the oxygen to pick off the 
carbon from the coal within a space suffi- 
cient for that to be accomplished—whereby 
reasonable metal temperatures were at- 
tained, or, in other words, we had to have 
22 in. or thereabouts above the tuyeres to 
the first layer of iron, irrespective of the 
fact that there appeared to be far more coal 
(B.t.u. available) than necessary to accom- 
plish the result desired. This was our first 
inkling that design of apparatus for coke 
represented apparatus much too huge for 
anthracite. 


PRACTICAL ANTHRACITE COMBUSTION 


we took out 500 lb. of coal from the bed 
and replaced it with a mixture of 250 lb. 
of coal and 2<0 lb. of broken firebrick. This 
mixture was placed in the cupola in the 


ee 


same position as the bed coal, with the © 


thus maintaining the same space between 
tuyeres and metal. We ran 15 tests with 
coal and brick and compared them with 
15 tests of coal only. The results are given 
in Table 1. 

These tests indicated that with less coal 
but the same space we could get hotter 
metal with the coal and brick than we did 
with the coal alone. It seems to us, there- 
fore, very important that the factors oper- 
ating within this required space should be 
determined, because these are the same 
factors that control practical combustion, 


TABLE 1.—Comparative Tests 


Tests with Coal Only Tests with Coal and Brick 
Temperatures, Deg. F. : Weight Temperatures 
Vol- | Height Vol- | "OF" ’| Height 
No. nig of Bed, aay No. ie Brick, | of Bed, 
n. : as : In, : L 

ist Tap) High Tap Lb. Ist Tap| High Tap 
112 1,888 24 2690 2720 2600 113 1,800 100 25 2720 2780 2700 
103 | 2,090 26 2700 2720 2640 108 1,870 roo 25 2660 2740 2720 
102 | 2,290 26 2700 2720 2660 106 1,857 100 26 2700 2750 2670 
101 2,142 23 2680 2680 2530 105 1,810 100 25 2670 2760 2750 
97 | 1,811 23 2680 2730 2690 104 1,830 100 25 2660 2760 2760 
95 | 1,900 24 2690 2730 2720 92 1,975 125 20 2650 2740 2700 
or 1,743 20 2680 2720 2680 85 1,670 250 20 2660 2730 2700 
88 | 1,658 20 2690 2740 2700 83 1,644 300 20 2600 2750 2720 
69 | 1,420 22 2660 2720 2620 81 1,452 280 20 2650 2800 2750 
68 1,455 20 2680 2740 2740 80 1,418 250 20 2640 2740 2730 
67 | 1,441 18 2070 2720 2650 20 2680 2780 2720 
66 1,524 18 2640 2740 2680 20 2600 2760 2760 
65 1,554 20 2690 2740 2620 20 2600 2790 2790 
62 | 1,904 20 2680 2720 2600 24 2620 2760 2720 
6r 4) 1,623 20 2700 2740 2650 20 2600 2780. 2760 
Average...... Sauls ster 2683 2725 2652 2647 2761 2730 


Having found that this space between 
tuyeres and metal was necessary, we asked 
ourselves whether that space must be 
filled with coal. Anything else we might 
put within that space had to be a noncom- 
bustible and something that did not melt or 


whether it is in a cupola furnace or an 
ordinary household furnace, and they all 
vitally affect design. 


PREHEATED ANTHRACITE 


About this time our attention was drawn 


affect the iron. The logical possibility was 
firebrick from the cupola lining. Therefore 


to some Russian experiments on the use of 
carbonized anthracite, in which it was 
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stated that by preheating the anthracite 
for a considerable number of hours the 
melting results were materially improved. 
We tried the same thing. We heated an- 
thracite, egg size, for about 18 hr. in fashion 
similar to that followed in making beehive 
coke; that is, we heated it by its own com- 
bustion. The resultant material is dark, 
having lost its black shine, and on many 
pieces the outer skin has a slight coke luster. 
The coal is decidedly heavier, it sinks at 
the specific gravity at which the normally 
prepared coal would float, it absorbs water 


TABLE 2.—Effects of Heating Anthracite 


Cupola Run Using 
Raw Anthracite 
for Fuel, Experiment 


Cupola Run Using 
Heated Anthracite 
for Fuel, Experiment 


No. 215 No. 212 
bet od T T 
er O emperature A emperature Fj 
Tap | of Metal, Weert ob Metal,, | Weight 
oo Metal Deg. 2. Metal 
aries Tapped 
At | Pour- im At | Pour- ig 
Spout] ing Spout] ing 
I 2700 I,700| 2680 | 2580 1,500 
2 2750 900 | 2720 | 2620 I,500 
3 2750 I,1I00| 2740 | 2630 I,500 
AaNn27-70 I,400 | 2740 | 2630 I,400 
5 2800 1,600 | 2730 | 2620 1,500 
6 2800 1,600 | 2730 | 2610 I,500 
yi) 2790 1,600 | 2740 | 2610 I,400 
8 2820 | 2700 1,600 | 2740 | 2610 900 
9 2800 I,600 |. 2720 | 2620 800 
b ae) 2820 | 2720 1,600 
Ir 2790 800 
12 2790 500 
Total 16,000 I2,000 


-to some extent, the character of the ash 
_ is changed and it has porosity in the form 
- of cracks and crevices, if porosity means 
anything. In effect, the anthracite had been 
“coked”’ on the outside and the physical 
changes described had occurred. We used 
this material in the cupola first as we used 
the ordinary coal, and once more the results 
were materially higher than those we ob- 
tained with the ordinary fuel. Instead of 
an average of 2700°, we found ourselves 
running close to 2800°, all other conditions 
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being the same. This result checked with 
the stated results of the Russian experi- 
ments. Our results were as shown in Table 2. 

Both runs were conducted under prac- 
tically the same conditions, including air 
volume, pressure, etc. The run using the 
heated anthracite had a faster melting rate, 
and there was less clinkering in the bed coal. 

Thus a point is added to our argument 
that the character of the surface of the fuel 
and the space in which the air has to oper- 
ate are the two most important practical 
factors of anthracite combustion. Here was 
a heavier fuel, which did much better than 
the ordinary anthracite, and, since it was 
a heavier fuel, apparently the carbon in 
the surface of each lump had changed its 
character to the extent of influencing the 
rate at which the carbon passed to the 


oxygen. 
MECHANICS OF COMBUSTION 


The commonly accepted laboratory pic- 
ture of the mechanics of combustion is 
that of a sphere of carbon surrounded by 
an unstable gas, which is continually in 
motion and through which passes sufficient 
carbon to unite with oxygen on the outside 
layer of this surrounding gas. But this 
theory does not go far enough in practical 
combustion. Are we to assume that these 
spheres of carbon part company from the 
larger pieces forming the regular coal bed, 
in sufficient number so that they more or 
less represent a flame phenomenon—thou- 
sands to millions of them moving upward 
through a given space in a given time until 
the reactions of the carbon through this 
sphere of gas attain their greatest maximum 
at the point where the melting takes place, 
which, in our case, is 22 in. above the en- 
trance of the air? Or, on the other hand, are 
we to assume that this filament of gas sur- 
rounds each lump of the coal that is in the 
bed and that a similar diffusion of carbon 
takes place over the surface of the larger 
pieces? Under the first condition we should 
suppose that the carbon particles jump 
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from the larger piece to the oxygen in the 
air stream and thereafter combustion, being 
the absorption of these particles in that air 
stream, is a rapidly moving action, con- 
tinually forced upward. In the second case 
we have to suppose the oxygen going after 
the carbon on the face of each lump of coal 
and combustion as the absorption of the 
oxygen by the carbon at fixed locations. 
It is likewise conceivable that the location 
where the transposition of the heat gen- 
erated into useful work, as determined by 
design of apparatus, whether that be a 
layer of iron or a water tube, could be very 
largely influenced by the size, shape, depth 
and width needed to allow either of these 
conditions to take place, and that the 
shape, depth, width, could be different for 
the one combustion conception over the 
other. Whatever may be the real answer, 
the outstanding feature to us is that for 
good combustion the surface of the carbon 
must part company with these spheres of 
carbon very rapidly, and hence the char- 
acter of that surface in relation to this 
problem becomes, in our mind, extremely 
important. 

We believe that the anthracite that does 
its useful work in the cupola, and in any 
other process, is a different anthracite 
from that to which the normal experi- 
mental and physical reactions by laboratory 
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tests are attributed; that is, the glossy, 
black anthracite as it is prepared. We be- 
lieve that anthracite as it passes down the 
cupola begins to lose its volatile matter; 
that the character of its ash changes; that 
the character of the carbon is altered; that 
its weight increases, so that when it gets 
down to the point where it is actively 
melting the metal, the original anthracite 
has been altered to something like the 
substance we obtained with our preheated 
or “‘coked”’ anthracite. This means that a 
great deal has still to be learned about 
practical combustion and, as stated before, 
we believe the problems center around 
what we have termed the time and space 
factor and the character of the carbon on 
the surface of the fuel. These combustion 
features, when resolved, will point to a 
possibility that anthracite-using apparatus 
could be built much smaller, involving 
much less capital expenditure, for the same 
result. This we believe to be the outstand- 
ing economy in the use of a dense, concen- 
trated fuel. From experience we can put 
4500 lb. of metal into our cupola when we 
use coke, while we can put 8000 lb. of metal 
in when we use anthracite. Thus our cupola 
is almost twice the size we need for our 
purpose when we use anthracite. We could 
have spent less money on equipment, for 
the same result. 


\ 


Coke Formation in Domestic Stokers 


_By Caartes H. SawyER* AND WALTER Knoxt 


(New York Meeting, February 1944) 


ALL of the coals commonly used in 
domestic bituminous stokers form coke, 
and satisfactory operation depends upon 
the fact that the coke formed is so weakly 
bound together that it breaks readily in 
the normal operation of the stoker and 
automatically maintains a good fuel bed. 

Some coals, because of their tendency 
to form solid, blocky coke, are practically 
_ excluded from. use in small domestic 
stokers as now built. Other coals, some 
among the best stoker coals available, 
can form this troublesome coke under 
- certain conditions. 

G Many contradictory methods have been 
offered as cures for coke formation. 
Generally the procedure has been to try 
- various adjustments until a combination 
was found that seemed to give better 
results. Such random methods of treatment 
have not provided any reliable information 
- as to causes. 
: The present paper covers a compre- 
hensive test program undertaken by the 
Koppers Company’s Stoker Coal Research 
Laboratory at Kearny, N. J. The program 
had two main objectives; first, to discover 
what factors affected coke formation, and 
- second, to define corrective steps that could 
be applied in stoker service work. 


CONCLUSIONS AND RESULTS 


1. The design of the stoker outweighs 
- in importance all other factors capable 
of improving coke formation. 


Manuscript received at the office of the 
Institute Nov. 24, 1943. 

* The Koppers Company, Research Depart- 
ment, Kearny, N. J. 

+ In charge of stoker research for the Kop- 
pers Company during most of the work 
covered by this paper. At present with the 
H. D. Conkey Co., Mendota, Illinois. 
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2. Insufficient air supply aggravates 
the formation of large blocky coke, 
although raising the air above 30 to 4o 
per cent excess (as determined during 
steady running) does not further improve 
the character of the coke formed and only 
reduces its accumulation at the expense of 
efficiency, increased fly ash, poorer clinker- 
ing, and other disadvantages. 

3. Increasing the coal feed results in a 
somewhat more friable coke structure and 
is recommended for persistently trouble-_ 
some jobs. 

4. Increasing over-fire draft improves 
the character of the coke formed and 
reduces troublesome accumulations by 
accelerating off-period burning, although 
at some expense in efficiency and some 
increase in fly-ash accumulation. 

5. Coke structure was not substantially 
improved by blocking some of the retort 
tuyeres, although the blocking of tuyeres at 
the feed-screw end of a rectangular retort 
did lead to somewhat improved per- 
formance, possibly because of considerably 
better distribution of coke in the fuel bed. 

6. With the equipment tested no differ- 
ence was shown between installation of the 
same stoker in a steam boiler and a warm- 
air furnace, or between a sand-filled and a 
ventilated type of hearth. 

7. The following design features had no 
noticeable effect on coke formation: 

a. Presence or absence of coal-tube 
air as provided by many manufacturers 
to eliminate smoke-back. 

b. Presence or absence of a flap damper in 
the air duct to minimize off-period burning. 

c. Continuous or intermittent (ratchet 
and pawl driven) movement of — fuel 
feed screw. 
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8. Reducing the size of a rectangular 
retort by blocking off one end to form a 
small square retort resulted in better 
coke formation when the proportion of 
“on” time was comparatively great, but 
showed little difference when operation 
was at lower demand rates (e.g., 714 min. 
on and 5214 min. off). 

9. Changes in the feed-screw mechanism 
which greatly reduced packing and crushing 
of the coal being fed resulted in a definite 
improvement in coke formation. 

1o. Although exact features of retort 
design that promote good coke formation 
were not established, coal turn, flare, and 
possibly shape and weight were shown 
to be characteristics deserving further 
investigation. 


ScopE OF WORK 


Work on the effects of such factors as 
air supply, feed rate, draft, and tuyere 
plugging was given major consideration 
because of its obvious importance to the 
servicing of present installations. 

However, as the tests progressed it 
became clear that something more than 
control of adjustable factors was involved 
in the problem of coke formation. There- 
fore the work was extended to include the 
other investigations indicated; viz. installa- 
tion differences and principles of design. ’ 


EQUIPMENT AND MeEtHops or TEST 


The stoker laboratory has been described 
in detail in an earlier paper presented before 
this institute! It consists essentially 
of two typical household units, one steam 
and one warm air, both so instrumented 
that data of interest in evaluating per- 
formance can be automatically recorded 
with a minimum of attention. ; 

In the tests covered by this paper two 
different stokers were used interchangeably 
in the two heating units. One of these 
stokers (hereafter designated as stoker 
No. 1) produced a desirable type of coke 


1 References are at the end of the paper. 
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formation, no matter what was done 
to adjustments of air, draft or coal feed; — 


and the other (called stoker No. 2 in this ~ 


paper) consistently made solid, blocky 
coke, which was only moderately improved 
by the best combination of adjustments. 

It should not be inferred that stoker 
No. 2 is typical of its manufacturer’s © 
line. It is no longer manufactured, but was. 
used for these tests because it embodied a 
number of principles that had been 
suspected of contributing to bad coke 
formation. 


For the purpose of this investigation, — 


good coke formation has been defined as 
that permitting the maintenance of an 
efficient and responsive fuel bed without 
a large enough accumulation of coke to 
make clinker removal difficult. 

On that basis, a solid, blocky coke, which 
forms in long continuous trees, is bad, anda 
friable coke, which forms no trees or at 
least trees that break apart of their own 
weight, is good. 

It is difficult to show differences in coke 
structure quantitatively. In this work all 
of the coke remaining in the fuel bed at 
the end of each test was recovered and 
weighed, and a screen analysis was made to © 
show proportions of the following sizes; 
plus 4 in., 4 to 2 in., 2 to 14 in., and 1 in. 
to o. Coke from each test was handled in 
exactly the same way, so that the size 
relations shown indicate quite fairly 
whether coke was solid or friable. 

For the tests of which motion pictures 
could be obtained the following system of 
comparison was employed. After reviewing 
the films from all tests, an arbitrary 
five-point scale was agreed upon for coke 
character, in which the number one should 
represent the best coke obtained in the 
series and the number 5 the worst. A 
similar scale was arranged for accumula- 
tion, in which one should represent the 
slightest accumulation observed and 5 
the greatest. These constitute the numbers 
given under the heading “‘ Movie Record”’ 
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in the data. As recorded, the first figure 
represents quality, the second accumula- 
tion. Thus 4 to 3 refers to coke that is 
appreciably more solid than the average, 
which has accumulated to a fuel bed of 
about an average size (approximately 
ro in. deep). The figures used are the 
averages of independent ratings made by 
two operators, who viewed the movies 
shown out of order and unidentified as 
far as possible. These data agree remark- 
ably well with the physical test data on 
coke residues, in most instances. 

The long-standing confusion regarding 


Zz the problem of coke formation suggested 


that it was probably influenced by a 


~ number of factors, possibly interrelated. 


Because of this a number of tests were 


run, but in each as far as possible only one 


factor at a time was varied. 
Throughout the test program one coal 
was used—a commercially prominent, 


S washed, oil-treated, 14 to 34-in., Poca- 


= 


-hontas No. 3 from McDowell County, West 
- Virginia. A typical laboratory report on 


this coal is given in Table 1. 


TABLE 1.—T ypical Analysis of Coal 


PER CENT 
PROXIMATE ANALYSIS 


Wolatile:tadtter! is cslue o.1ajale.2 ne 16.8 
MXECICATDOI avec. eid ces tie 77.3 
JC a 60 cP RRC Cte TSEC 5.9 
Sill tale Re Taide ERI COORONG Owe 0.62 


ATDON. .. eee eee e recess vecree 


Sulphur... 
ING rowEN'\c ecco go aise olen sane! assis 


2 
6. 
(Oia oR erteleleeucancde sn aero 4.64 
Through 28" mesh. 00. fein. oe 3.62 
Weight per cubic foot.... 45.3 lb. 
_ British swelling Test No. 44 
Bitiul'per tb. (dry) ice. s-6 14,860 
Fusing point of ash...... 295°F 


Although only one coal was used in these 
tests, undoubtedly a considerable portion 
of the findings will be found to be applicable 
not only to coals of the same general char- 
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acter but to other widely used stoker coals 
as well. 

Except as otherwise noted, each test 
included six days of varied operation, thus 
permitting one test to be concluded weekly, 
with a day allowed for sampling residues. 


The following 


schedule for operating 


changes was employed: 


Tues. 9:30a.m.to1:30 Fire lighted and stok- 


p-m. 


Tues: 1:30 p.m. to 
Wed. 4:30 p.m. 


Wed. 4:30 p.m. to 
Thurs. 4:30 p.m. 
Thurs. 4:30 p.m. to 

Fri. 4:30 p.m. 
Fri. 4:30 p.m. to Sat. 
9:30 a.m. 


Sat. 9:30 a.m. to Sat. 
II:00 a.m. 

Sat. 11:00 a.m. to 
Mon. 9:30 a.m. 


er operated contin- 
uously. 

744 min. on and 74% 
min. off. (Part A 
considered to start 
at 4:30 p.m. Tues.) 

716 min. on and 224 
min. off. (Part B) 

74% min. on and 5214 
min. off. (Part C) 

3 min. on and 57 min. 
off. (Part D, hold- 
fire). 

Continuous operation 
(Part E, pick-up) 

3 min. on and 57 min. 
off. (Part G, hold- 


fire) 


This schedule stresses operation for com- 
paratively short intervals, followed by rela- 
tively long ‘“‘off” periods, and hold-fire 
operation. Such operation has been found 
by several investigators and by field experi- 
ence to be particularly troublesome from 
the standpoint of coke formation. 


Test RESULTS 
Effects of Air Adjusiment 


When a stoker is discovered making bad 
coke, probably the thing most easily and 
most often changed by the service man or 
home owner is the air adjustment of the 
stoker. 

A considerable number of tests were run 
in which the air was varied. Significant data 
from one such series are shown in Table 2. 
Increases in the air supply resulted in pro- 
gressive improvement in coke formation, 
as indicated by the quantity and size of 
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TABLE 2.—Effects of Varying Air Supply 
No. 2 Stoker, STEAM BorLer, Coat Freep 11 Ls. PER Hour, DRAFT 0.02 INCHES 


Test No. 
Item = 
IC-2¢ IC-3 IC-4 IC-7 
Air supply. per cent Gfitheorsticalac, ine «ces. eee bee tei 66.0 86.5 II9.3 140.0 
Acai Part. APs aici cman By eke 7.91 
Pounds water evaporated per lb. coal fed on a Pp ieaete nee et 5. Ee pei 
ANE opted techs. SET Os 7t 7275 5.92 
Pounds water evaporated during 114 hr. pickup............ 35.4 65.0 89.0 
Total coal $éd Sibi: ek Fae, ote say cieleris oe eue eee eet 212.96 357.74 328.71 be the 
Average maximum stack paper eee = 370 a ae 514 
deg. F. Part C 408 409 395 
Part A 145 190 190 205 
Average retort temperature, deg. F. {Part B 171 204 178 
Part C 185 214 173 
Part A 41 ares, 46 90 
Observed excess aire {Par B eee s 123 208 
Part € 164 308 425 
Chigtdeesl ty pis’ ornaie iced: haue Se ee rete Rae 2.40 4.38 3.35 
Fiyaasty bao ace isc. +d: thepttar oo mcr ansiaha lw, o-Pees eee ache Mire ON eleds ae 0.58 0.30 0.74 
ToOSe sash Albiagoe ie Ss iors sca ao hee eR eR eaE Meal lee ieee 15.50 II.20 13.94 
“AED coke Soe coats 2.56 7.93 1.84 none 
AtOrRitk. «1 eee I1l.67 7532 9.39 7270 
Coke residue, lb 2:0. 26 tne Alene 21.07 8.42 9.00 8.92 
46 in-“to..0.2 eee ek 25.38 3.63 4.96 
otal 48.65 23.86 20.98 
Patt A, atic ar 5-5 Ss 4-34 3-3 
; Part Bio. tote eee 5-4 4-3 3-3 
Movie record, see text for explanation Part .C 5-4 4-3 4-344 
Partth vaso net poor fair fair 
PargrGrentc.a sect 5-4 4-3 4-319 


«Jn test IC-2 coke filled combustion space completely and caused a pin to shear during the first night of 


operation. 


> Parts A, B, C, etc. refer to the standard schedule of operation described in the text. 
¢ Observed excess air was calculated from the average analysis of spot samples of flue gas taken at the middle 


of ‘‘on"’ periods. : 


coke remaining after a week’s test, and by 
the motion picture record of these tests. 
It is apparent that the last increase in air 
supply resulted in improvement only at the 
higher rates of operation. 

Although tests on the effect of air setting 
definitely point to the importance of suffi- 
cient air supply, they show also that air far 
in excess of previously recommended values 
does not contribute materially to better 
coke formation. It is, however, worth add- 
ing that nothing observed during the tests 
supports the quite prevalent belief that too 
much air is as bad as not enough as far as 
coke trouble is concerned. Apparently the 
worst results of too much air are loss of 
efficiency and increased fly-ash; the coke 
does not get any worse, it simply fails to get 
any better, as air is increased beyond an 
optimum value. 


Effects of Coal-feed Changes 


To determine what effect coal-feed 
changes might have on coke formation, 
several tests were run in which coal feed 
was doubled. 

Table 3 shows the results of two pairs of 
tests in which feeds of approximately 11 lb. 
per hour and 22 lb. per hour are compared. 
In both cases “on” periods were halved 
when the feed was doubled, so that the 
same amount of coal was burned during 
equivalent periods of the tests. 

In the first pair (IC-4 vs. IC-8) air supply 
was relatively lower for the test at 22 lb. per 
hour. In spite of this, a considerable im- 
provement in coke formation is shown by 
the size and quantity of coke residue and by 
the data from the motion picture record. 
Still greater improvement is shown for test 
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No.. IC-32 as compared with No. IC-31, 
where the ratio of air supply to coal was 
more nearly equal. 

The very much smaller size of coke in a 


Fic. 1.—COKE STRUCTURE IN A TEST MADE 
AT' 22 POUNDS PER HOUR COAL FEED. 


Fic. 3.—TUYERES SHOWN BLOCKED IN WERE 
PLUGGED WITH FURNACE CEMENT FOR MOST OF 
THE TESTS. 


test made at 22 lb. per hour feed as com- 
pared with 11 lb. per hour is well shown by 
the photographs obtained during a third 
series of tests, which were made in the 
warm-air furnace (Figs. 1 and 2). 

Data from all these tests show some de- 


crease in efficiency and considerable in- 


oar ee oe) a 


crease in fly-ash accumulation at the high 
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feeds. These disadvantages might be con- 
sidered insignificant as compared with the 
improvement obtainable in a bad coking 
stoker. 


Fic. 2.—CoKE STRUCTURE IN A TEST MADE AT 
II POUNDS PER HOUR COAL FEED. 
Other conditions same as in test represented 
by Fig. 1. 


oo 


mpeoes Ho ws 


co 


Fic. 4.—WHEN TUYERES SHOWN BLOCKED IN 
WERE PLUGGED WITH FURNACE CEMENT COKE 
FORMATION WAS SLIGHTLY IMPROVED AND DIS- 
TRIBUTION IN FUEL BED MUCH BETTER. 


Effects of Draft 


In the series of tests described in the 
Koppers Coal Company’s booklet No. 1, 
“Effect of Stack Damper Setting or Fur- 
nace Draft on Stoker Performance,” it was 
shown that increasing the draft decreased 
the fuel bed; that is, resulted in less accu- 
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TaBLE 3.—Effects of Changing Coal Feed* 
“On”? Trwe HALVED AT HIGHER FEED RATES 


Item 


Coal feed, lb. per hr........ sneer SaNeal Piers sejaviels siete ln(ssal vie 
Air supply, per cent theoretical.........-+2++++.se0> 
PartiAy viel 
PartsBi cuts 
Part Gusnse 
VANS staushalede 
Pounds water evaporated during 134 hr. pickup...... 
Total cdalifede ine vee cere tics akt «sd ois 0 mi) eusroke es trae 


Pounds water evaporated per lb. coal fed 


Average maximum stack temperature, 
deg. F. 


Average retort temperature, deg. F. 


Observed excess air, per cent 


GHatkret lps aks iaicie sn avdcle ete vavovelatee tne uate, teh areola eeerate 
Wilyeashy US sia 'carceolera.aePeve SRR ate Slee inks he wees atemnls 
ECOQKO ASH, TDi recie:t e's, ois.15 <lepnls aie ops ings se als Pr meine 


Coke residue, lb 


Movie record 


see 


seen 


Test No. 
IC-4 IC-8 IC-31 IC-32 
ote otale 11.8 23.8 10.8 22.2 
oe kets th. S 93.0 118 117 
Peer Ge 8.30 8.93 age 57 
Renae 8.87 7.07 7.58 6.03 
ire tetecchs 5.15 4.22 4.57 2.95 
RAE es C15 6.44 7.00 5.86 
eee 65 149 I12 22.4 
abetewtess 328.7 426.6 Sark 344.0 
536 699 
460 627 
404 491 
221 243 
195 244 
239 239 
161 


2 Notes under Table 2 apply here. 


mulation of coke. In order to find out 
whether this effect would be of any value 
with a stoker making really troublesome 
coke, a test was run at 0.07-in. draft in the 
No. 2 stoker, duplicating in all respects save 
draft a previous test, which had been run at 
0.02-in. draft. 

Data from these two tests are given in 
Table 4. Notice the very great difference in 
coke residues as shown by weights at the 
end of tests and by the movie record. There 
is obvious improvement in the nature of the 
coke formed but of course higher draft 
spells higher fly-ash and lower efficiency. In 
this particular pair of tests, the effects of 
these disadvantages were moderate, and it 
seems quite likely that increasing the draft 
might be worth while in troublesome cases. 


Effects of Tuyere Plugging 


As a result of a general investigation of 
stoker operation, C. A. Barnes concluded 
that, “an optimum tuyere area is indicated 


for a given fuel and desired range of operat- 
ing conditions.’’? Certainly it seems reason- 
able enough that a retort designed for a 
given coal feed would have more tuyere 
area than would be needed for half that 
feed. On this assumption most of the tests 
in this series on coke formation were run 


after plugging about half of the tuyeres of — \ 


the rectangular retort of stoker No. 2. Ar- 
rangement of the plugging was as shown in 
Fig. 3. However, a later test made with 
none of the tuyeres plugged indicated that 
actually there had been no advantage in 
the plugging as shown, possibly because in 
normal operation this stoker plugged about 
half its own tuyere area with fines. 
Although several tests were run in which 
tuyeres were plugged in various ways, the 
only form of plugging that was shown to be 
of benefit was ‘that represented by Fig. 4. 
Coke formation was slightly improved and 
distribution in the fuel bed was greatly 
improved by plugging the tuyeres in this 
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fashion. The trend among stoker manufac- 
turers toward reduction of tuyere area on 
the feed-screw side of retorts is supported 
by the results of this test. 


TABLE 4.—LEffects of Changing Draft 


Test No. 
Item 
IC-9 IC-10 
Average over-fire draft, in. water..] 0.017| 0.070 
Oat Led, los Periil. serecscele vs cree ss 12,1 Il.9 
Air supply, per cent theoretical. . 82 84 
Pounds water evap- os - eer * 7 ae ee 
erate per lb. coal) part C1112 21) Gsoruly ANsG 
Rm inten ae yee) 6.83 


Avg 
Pounds water evaporated during 
PYG NE ICKED Jiere atocelt m.< eisrerals vip @ 
Biotal coal. fed; [Dips chet ee slavee are 
Average maximum 
stack  tempera- 
ture, deg. F. 


perature, deg. F. 


Observed excess air, 
per cent 


Coke residue, Ib. 


Movie record 


¢ Notes under Table 2 apply here. 


In one pair of tests, with a smaller round 
retort which had been adapted to stoker 
No. 2, results were definitely better with 
all tuyeres open than with approximately 
half of the tuyeres blocked off. 

In a pair of tests made with a small 
square retort, in which first only the top 


row of the original three rows of tuyeres 


was used, then the bottom row, examina- 


tion of the semiplasticized ends of coke 
_ plugs removed from the retort indicated 


that the bottom of the plastic zone of the 


_ incoming coal was nearly flat, and that it 


4 lay approximately one-half inch below the 


open tuyeres in both cases. 
This is somewhat different from the 
plastic zones indicated in fuel-bed pictures 
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presented by Sherman and Kaiser,’ where 
the bottom of the plastic zone assumes a 
cupped shape with edges at about the 
lowest tuyere level. The fact that opera- 
tion in the present tests was characterized 
by relatively long “off” periods probably 
explains this difference. 

In any case, plugging the bottom tuyeres 
of a stoker should raise the burning level 
and also the level at which incoming coal 
is being coked. 

In general the effect of tuyere plugging 
on coke formation seemed to be less than 
has popularly been supposed. 


Inadequacy of Controllable Factors 


At the conclusion of the work described 
on variable or controllable factors, the 
problem appeared in the following light: 

Stoker No. 1 made good coke, no matter 
what was done to air, draft or coal feed; and 
stoker No. 2, although some improvement. 
was achieved, made bad coke in spite of 
the best possible combination of such 
adjustments. 

Obviously something in the design or 
installation of these two stokers was _re- 
sponsible for this wide difference in coking 
behavior. The work on design and installa- 
tion factors was limited in scope, but it is 
felt that some of the things shown by this 
part of the investigation are of great 
importance. 


Installation Factors 


Two installation factors were investi- 
gated. First, the two stokers used were 
interchanged froma steam boiler to a warm- 
air furnace and vice versa. No difference in 
the burning characteristics or in the coking 
behavior of either stoker was noticed. 

Second, the original sand filling was re- 
moved from beneath the hearth of stoker 
No. 2 when it was installed in the warm-air 
furnace. Although the retort temperature 
of the stoker was then lowered appreciably, 
there was no difference in coking behavior. 
Considerable interest attached to this test 
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on ventilated vs. sand-filled hearth because 
the ventilated hearth has been advanced:so 
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No. 1, nor adding a cross connection from 


wind box to coal tube in stoker No. 2 


Wd iG, « 


KK. 


\ SToKeR No. 2 
AFTER WMobIFICRTION 


Fic. 5.—D1acrams I anp II SHOW DIFFERENCE IN CRUSHING BETWEEN STOKERS I AND 2. DIAGRAM 
III SHOWS IMPROVEMENT OBTAINED BY MODIFYING FEED ON STOKER 2. 


In each diagram, left column shows size distribution in original sample, right column dis-. 


tribution after feeding through stoker. 


often as a cure for troublesome coke 
formation. 
Design Factors 


The general plan of the work on design 
factors was to eliminate successively the 
differences in design between the two 
stokers by altering one or the other. After 
each change a short burning test of the 
altered stoker was made to see whether 
there had been any important difference in 
coking behavior. In stoker No. 2 the 
changes that seemed promising were main- 
tained, so that the effects might be cumu- 
lative, because the great difference in opera- 
tion between the two machines was thought 
to be due to the sum of several factors of 
better design in stoker No. 1. 

Three rather obvious differences in 
design can be disposed of rather shortly, 
since they were not shown to have any 
effect on coking: 

First, neither blocking the air connection 
between air tube and coal tube in stoker 


(which originally had no provision for 
smoke-back air), had any noticeable effect 
on the coke formation. 

It should be noted that Wright and 
Spicer? have reported that air admitted 
below the regular tuyere level was effective 
in improving coke structure only when used 
in conjunction with a vertical screw; which, 
of course, provides agitation not present in 
the conventional type of stoker here 
considered. 

Second, the addition of a tight-fitting 
flap damper, positively closed by a damper 
motor during “off” periods, had no notice- 
able effect on the coke formation. 

Third, a continuous feed mechanism was 
attached externally to the gear case of 
stoker No. 2, whose regular intermittent 
ratchet feed was then of course placed in 
neutral position. No difference in coking 
resulted. : 

One of the greatest differences between 
the two stokers was in the degree of pack- 


CHARLES H. SAWYER 


ing in the coal tube. The feed screw in 
_stoker No. 1 was smaller in diameter in 
the hopper than in the coal tube; the 
screw in stoker No. 2 was of constant 
diameter and pitch and in addition had a 
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Coke formation was definitely better 
after this change but was still in no way 
comparable to that of stoker No. 1. 
It had been noticed that the coal always 
pushed to the end of the rectangular retort 


Fic. 6.—SHOWING TIN HOOD AND HALF PIPE COVER AT SPIKE TRAP ENTRANCE USED TO REDUCE 


PACKING AND CRUSHING IN STOKER NO. 2. 


-funnel-shaped opening at the spike trap, 
_ which caused coal to pack very tightly into 
the coal tube. In fact, packing was de- 
pended upon in this stoker to prevent 
- smoke-back. The increased packing caused 
much greater crushing of coal in stoker 
No. 2 than in No. 1, as shown by diagrams 
1 and 2 in Fig. 5. Sherman, Kaiser, and 
_ Limbacher® have shown that excessive fines 
_ tend to increase coke-tree formation. It was 
thought that relieving the packing in the 
screw of stoker No. 2 might improve coke 
formation by increasing the size of coal 
_ delivered to the retort. 
_. A photograph of the arrangement used 
to achieve this is shown in Fig. 6. All but 
_two flights of the hopper portion of the 
feed screw were covered by a tin hood and 
the spike trap was replaced by a close fit- 
ting half-pipe placed over the screw to 
prevent the entrance of excess coal. Dia- 
gram 3 of Fig. 5 shows that crushing was 
thus reduced to compare very favorably 
with that encountered in stoker No. 1. 


opposite the feed screw of stoker No. 2, 
where it plugged the tuyeres, and that the 
coke trees in this stoker always arose from 
that end. The coal tube of stoker No. 1 
had a sharper turn into the round retort 


7.—PLASTER DISTRIBUTING LEDGE ON 


(ites 
RECTANGULAR RETORT OF STOKER NO. 2. 


and here coal distribution seemed better. 
In an attempt to improve distribution in 
stoker No. 2,a plaster distributing ledge was 
built into the bottom of the retort (Fig. 7). 
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This ledge considerably improved distribu- 
tion of coke in the fuel bed, and although 
there was no noticeable change in the 
nature of the coke formed, the better 
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refractory material, since it was thought | 
the insulating effect of the latter might be 4 
undesirable. There seemed to be no differ- — 
ence in burning characteristics in the two 
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Fic. 8.—CROSsS-SECTION SKETCHES OF FOUR RETORT STOKER COMBINATIONS. 
Flare angles shown apply to all inside faces except in d, where sides have original flare of 18°. 
Arrows show approximate direction of coal entrance. 
a. Stoker No. 2. Light-weight, sectional, rectangular retort, poor coal entrance (very poor 


coke). 


b. Stoker No. 1. Heavy, solid cast, round retort, good coal entrance (very good coke). 
‘c. Heavy, solid cast, round retort on stoker No. 2, fair coal entrance (good coke). 
d. Light-weight, sectional, rectangular retort on stoker No. 1, good coal entrance (very good 


coke). 


distribution led to. more 
operation. 

To see whether reducing the size of the 
retort might have the same effect as in- 
creasing the coal feed, a refractory false 
end was molded into the rectangular retort, 
to make a much smaller square retort. 
Tuyeres were cored through the false end. 


Later a steel plate was substituted for the 


satisfactory 


methods. Both considerably improved coke 
formation at the higher rate of operation 
(734 min. on and 7% min. off) but were 
disappointing at 714 min. on and 5234 min. 
off. 


Retort Design 


Although the coal-tube bend is really a — 
part of the wind-box assembly, it and the ~ 
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retort are here considered as a unit, since a 
significant change in the bend was made by 
the adaptation of a round retort to stoker 
No. 2. 

The retorts of stokers No. 1 and No. 2 
differed widely. Stoker No. 1 (Fig. 8b) had 
a heavy, one-piece, cast round retort, with 
two rows of inside tuyeres. Its flare (the 
_ angle of its inside face with the vertical) 
- was 23°. The coal turn was sharp, so that 
_ there was almost no tendency for the feed 
screw to push coal against the opposite 
retort face and to plug tuyeres on that side. 

_ It made very good coke. 

Stoker No. 2 (Fig. 8a) had a much 
lighter, rectangular retort formed by three 
segments seating one on another within a 
_ large shell casting. Three rows of tuyeres 
_ were thus formed. Its flare was 18° and its 
- coal turn was very shallow, permitting a 
considerable push against the face opposite 
__ the feed screw, with consequent plugging of 
 tuyeres. It made very bad coke. 

In order to determine whether the retort 
_ alone might be responsible for much of the 
_ difference in coking behavior, a round 
retort similar to that of stoker No. 1, 
_ except for less flare (15°) and one additional 
~ row of tuyeres, was adapted to the wind- 
box of stoker No. 2. (Fig. 8c.) Since this 
retort overhung the original coal entrance, 
the coal turn was smoothed with plaster of 
Paris, as shown by the shading in the 
diagram. The coal turn was thereby altered 
_ to provide more nearly vertical entrance of 
the coal. The coke formation was good, 
almost as good as that of stoker No. 1. 
Finally, the light-weight, rectangular, 
sectional retort of stoker No. 2 was adapted 
to stoker No. 1. (Fig. 8d) Since the retort 
-was now longer than the coal entrance, a 
small ledge about 34 in. wide was formed 
at either end, increasing the effective flare 
at the ends to about 27°. Flare at the sides 
remained 18°. The coal turn, of course, was 
- the same as in the unmodified stoker No. 1, 
giving nearly vertical delivery with no 
- tendency toward jamming against the end 
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and plugging tuyeres. Coke formation 
again was very good, fully equal to that of 
stoker No. 1. 

From a consideration of the four com- 
binations described, it appears that the coal 
turn and the flare angle of the retort are 
two of the most important characteristics 
from the standpoint of coke formation. This 
conclusion is weakened by the observed 
behavior of the combination shown in 
diagram C where good coke formation was 
obtained in spite of the least flare of any 
retort used, but beneficial effects of the 


heavy solid casting of this retort may have 


more than offset this difference. Certainly 
all of these possible factors—coal turn, flare 
angle, weight of retort casting, and perhaps 
the shape (whether round or rectangular)— 
deserve further study. 

Because the aims of the laboratory were 
to stress performance with various coals 
and various methods of operation rather 
than to study design, the subject was not 
pressed further. It is hoped that manu- 
facturers will be encouraged to continue 
this work on design and that some of the 
things noted here may suggest methods of 
approach to the subject. 
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DISCUSSION 
(Ralph Sherman presiding) 


C. C. Wricut,* State College, Pa.—I want 
to congratulate the authors on attacking this 
difi@ult problem. It is one that for a number 
of years has bothered most of us who work with 
domestic stokers. Several very interesting 
points have been brought out. I think flare 
angle of the retort, the angle of the tuyeres, 
and the design of the tuyere openings them- 
selves are all very important. I am a little 
disappointed that the authors did not get 
around to studying the influence of the shape 
of the tuyere opening, as we believe this factor 
to be of considerable importance. With one or 
two stokers, we have found it necessary when 
burning slack coal to block off tuyere openings, 
while double screen coal from the same source 
did not require this change, at least not to the 
same extent. 

In presenting the paper, Mr. Sawyer said 
that the addition of air through the smokeback 
produced no effect. This observation in no way 
conflicts with our experience, as we have found 
that if there is no mixing of the air and coal, the 
addition of even 15 or 20 per cent air below the 
fuel bed is of no value for the control of coke- 
tree formation. Such additions through the 
standard smokeback would be difficult when 
using the regular stoker fan. 

I would like to have Mr. Sawyer clear up 
one point that I noted when reading conclusions 
2, 3, and 4. I do not think those statements are 
intended to be contradictory, but they appear 
so on the surface, and I believe it would be well 
to explain them a little more clearly. 


C. H. Sawyer (author’s reply).—I should 
have said that when the coal feed was doubled 
the air ratio was maintained the same. Does 
that answer your objection? 


C. C. Wricut.—Yes. I thought that was 
what you had done. 
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T. C. Cueastey,* Kansas City, Mo.—I too 
would like to compliment Mr. Sawyer and his 
associates on the work they did. We have been 
doing the same sort of thing for several years, 
mostly on free-burning coals, to secure better 
fuel-bed distribution, and we have come to 
about the same conclusions as to the flare of 
the tuyeres and the blocking of some of the 
tuyere openings. ‘ 
There is one question: What effect did you 
find on clinker formation by the tests you 
made? 


C. H. SAwyEer.—Clinker formation improved 
as the coke formation was made better; that 
is, the better coke the stoker made, the more 
clinker was formed in one week’s test. These 
tests were not run primarily to study clinker” 
formation, and data on clinker formation may — 
be misleading, since the tests were run for an 
entire week without touching. No clinker was — 
removed until the end of the whole test, and — 
then total clinker for the week was taken as an 
indication of the way in which the stoker was 
clinkering. In none of the tests in stoker No. 2 
was the clinker as good as it was in the run off 
tests with stoker No. 1. The better design, 
which made the coke better, at the same timel 
improved clinker formation. : 


T. C. CHEASLEY.—We had the same results. 
The freer the burning we were able to produce, 
resulting from control of the “plastic range,” — 
the better the clinker formation. “a 


C. H. Sawyer.—If you maintain a smaller — 
fuel bed, with good ignition, you keep the fire 
down closer and get heat right around the 
outside of the retort where clinkers form best. 
If there is much blocky coke, then, in order to — 
supply the demand, there is a fire nearly filling 
the combustion space. The ash will not stay up 
there to be clinkered; it falls down anyway, and 
clinkering will be very much poorer. In most 
cases good coke formation and good clinker 
formation go hand in hand. 


L. A. Sutpman,* Knoxville, Tenn.—I wonder 
if these coke formations in underfeed stokers 
have been analyzed as to the fundamental 
conditions that are favorable to coking and the 
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conditions that reduce the strength of coke 
formation? 

If so, what conditions were changed when the 
retort shape was altered, which would have 
affected the coke structure as analyzed by a 
by-product coke expert? 

In checking through with the pictures, it 
seemed to me there was a definitely greater 


movement of the fuel out and over the retort 


with the sharp turn as compared with the flare 


meturn. 


This checks fundamentally, because as the 


resistance to a horizontal force exerted on a 


semimobile substance such as coal is increased 


_ the vertical movement is increased. As the 


coal is moved faster out of the retort, what 
effect would it have on: (1) rate of heating in 


plastic and preplastic range; (2) time of coking; 


(3) temperature of coking; (4) oxygen concen- 


_ tration; (5) rate of ignition ratio to rate of 


‘burning? This should be considered for the on 
period and then also for the off period when 


- conditions exist that experience indicates are 


_ more favorable for coking. 


The authors did prove that size consist as it 


_ varied bulk density did affect the coking. 


The recording of such phenomena on colored 


- motion ‘‘speed-up”’ pictures gives information 


_that can be repeated until everyone can see and 
-agree on the conditions occurring during the 


_ experiment. 


the authors were trying to make changes to 


a 


Z 


via! 


I wonder whether in making these changes 


vary the fundamental conditions that cause or 


do not cause coking. 


C. H. Sawyrr.—We had many things in 
mind. I think we had in mind the sort of thing 


_ Mr. Shipman means, in our attempts to turn 


_the coal sharper and feed it vertically out of the 
retort. Iam climbing on Mr. Rose’s bandwagon 


here for the vertical screw stoker. I think that - 


is an excellent principle. Apparently the nearer 


you can feed the coal out of the retort vertically 
the better behavior there will be from the 


standpoint of coking. I do not think it is so 
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much a function of time there, because the 
time—the rate of heating—varies widely in the 
intermittent operation of a stoker; and coke 
does not appear to be formed when the coal is 
fed—that is, when the stoker is on. 

In the movie that shows coke treeing, the 
tree was weakened about every two inches; 
that is, it was weakened every time the stoker 
operated. In other words, if the stoker operates 
continuously we seldom have to worry about 
solid coke formation; air will blow through 
and open it up, and it will stay open. This is 
true of different rates of feeding, and it must 
be true of different rates of the incoming 
charge. There is further study indicated there, 
I am sure; I think there is a series of solid 
coke formations through long off periods, 
before the bed above has been filled in, and 
that is due to a very slow heating process. 

Something else enters the picture, which we 
have not yet had time to consider. We did not 
really intend to go into design work in this 
problem. We are coal men. We wanted some- 
thing we could use, directly, in field service. 
We practically fell into design. It is hard to 


get away from it. It is so obvious that 90 per 


cent of the coking difference noted is due to 
the difference between the two machines. It 
seems as though there is a critical region an 
inch or so below, or just below, the bottom row 
of tuyeres in the stoker retort—if somehow 
the heat can be kept away from there during 
the off periods, and too much heat kept 
from soaking in there, the stoker will always 
behave pretty well. When the stoker is on, and 
there is movement, the incoming coal is dis- 
turbed, moved rapidly through the burning 
zone, and the coke does not form solid and 
hard. It forms during the off periods by 
heat soaking down; and I think there is some 
indication in these tests that heavier, solid cast 
retorts give stokers a break on that. The heat 
transferred away by the sheer weight of that 
metal was enough to prevent its soaking into 
the incoming coal, to make this hard coke, 
between the oncoming periods. 
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In recent years considerable publicity 
has been given to the problem of atmos- 
pheric pollution by fuel-burning equip- 
ment. Legislation has been stimulated 
and smoke ordinances have been enacted, 
the provisions of which show a definite 
trend toward stricter control of the 
emissions not only from the stacks of 
industrial fuel users but also from the 
chimneys of domestic consumers. As a 
result of war conditions, some slackening 
in the enforcement of these ordinances 
may be noted, but this is only a temporary 
expediency caused by the changes neces- 
sary in the distribution of the nation’s 
fuel supplies and difficulties in securing 
the necessary equipment. Previous trends 
may be expected to continue in the post- 
war period. 

Largely because of the consumer demand 
for automatic heat, but partly because of 
the legislation against smoke emission, 
there has been a marked increase in the 
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use of domestic underfeed stokers with 
the past decade. When correctly adjusted © 
and operated, these units reduce the smoke _ 
emission materially, so that even the high- _ 
volatile bituminous coals may be burned 
with little or no emission of objectionable 
smoke. Unfortunately, however, the use 
of the domestic underfeed stoker introduces 


another problem; namely, fly-ash. 
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PRODUCTION OF FLY-ASH 


The term “fly-ash” is a misnomer, since 
the fly material is generally a mixture of 
small carbonaceous particles varying from 
green coal to coke, and inorganic particles 
ranging from fluffy ash to small particles 
of fused clinker. For want of a more com- 
prehensive name, however, the term fly-ash 
is used throughout this paper to include 
all the fly material. 

Even with hand-fired furnaces a certain 
amount of fly-ash is produced, which 
necessitates periodic cleaning of the boiler 
flues or furnace radiator, the smoke pipe, 
and occasionally the chimney itself. With 
stoker operations the amount of fly-ash 
is increased many fold, because of the 
higher velocity of air travel through the 
fuel bed. Frequently the amount of this 
fly-ash attains such proportions as to 
constitute a definite nuisance to the 
householder and his neighbors and distracts 
very materially from the otherwise auto- 
matic or semi-automatic performance of 
the stoker. 

Virtually all the boilers and_ hot-air 
furnaces marketed in the domestic field 
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- are designed primarily for hand firing and 
little or no provision is made for removal 
of fly-ash. Many furnaces are especially 
deficient in this respect and it is necessary 
to partially dismantle some of them to 
remove the fly-ash. 

Specific data on the quantities of fly-ash 
that may be produced by the combustion 
of coal in underfeed stokers are surprisingly 
meager. For industrial units operating 
under normal loads, the figure of about 
I per cent of the total weight of coal 
burned has been cited by Barkley! and 
others.2 The exact figure is a function 
of the furnace design and baffling, of the 
rate of combustion, and to some extent 
of the coal burned. Qualitative observa- 
tions have been made on a variety of 

_ Clinkering-type domestic stoker installa- 

tions and the conclusion reached that the 

fly-ash may amount to as much as a 

__ bushel a week. When using the clinkering- 

- type stoker with coals having an ash 

- that is difficult to clinker, there is a 
- tendency even during normal operation 

oy for the dry ash to accumulate on the hearth 

and for a portion of this dry ash to be 

_ picked up by the flue gases. Even with coals 

“S normally considered satisfactory for this 

class of stoker, the accumulation of dry 

ash on the hearth is very pronounced 
during mild weather because of the low 
fuel-bed temperatures, and frequently there 
is excessive production of fly-ash during 
these periods. From field observations, it is 

_ judged that the fly-ash production by the 

clinkering type of stoker is comparable 

with that of the ash-removal type although 
the factors causing the condition may be 
different in the two cases. 

Previously published* quantitative data 
on the fly-ash from an ash-removal 
stoker operating with bituminous coal in a 
State College home (Table 1) show that 
when burning slack coals the amount of 
fly-ash may vary from about 0.6 to 1.2 per 
cent of the coal burned. Using sized coals 


Z 
A 


os blah ig AG 


Bed LS 


is 


a 


1 References are at the end of the paper. 
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this quantity may be reduced materially, 
especially if sizes are available that do not 
degrade seriously in the stoker feed worm, 
The present practice of using a top size 
of from 1 to 1}4 in. for sized stoker coal does 
not decrease the amount of fly-ash appre- 
ciably, however, because of the degradation 
in size before the coal reaches the combus- 
tion zone. 


TABLE 1.—Data on Operations of Ash- 
removal Stoker Using Bituminous Coal? © 


Ash in Fly-ash 
Coal 
Coal Source, Coal (as 
Sani Size, recov- | Lb. per P 
In ered), | 100 Lb.) & sae 
Per Coal kh 
Cent | Burned z 
Fulton-Barnett...| 1-0 6.6 0.9 27.4 
Fulton-Barnett...| 3g—-o0 7.7 2 25.2 
Pittsburgh... 0... 3g-I0om.| 7.8 0.3 58.0 
Upper Kittanning | 34-0 8.0 0.6 35.5 
Lower Kittanning | 34-34 6.6 0.5 49.7 
Lower Kittanning } 34-0 ves 1.0 37.8 


Probably more significant than the 
weight of fly-ash produced in these tests 
was the volume. For the average home, 
which consumes approximately ro tons of 
coal for the heating season, the volume of 
fly-ash produced for the slack coals would 
vary from about 8 to 16 cu. ft. Even with 
the specially sized coal that produced the 
lowest weight of fly-ash, the volume 
amounted to slightly over 4 cu. ft. 

At the present time the fly-ash produced 
in domestic furnaces may collect either 
in the flue system and chimney or be 
discharged from the chimney, depending 
largely upon the design of the particular 
system and the rating at which it is being 
operated. In the former case, the deposi- 
tion of the fly-ash is usually in the most 
inaccessible parts of the flue system and 
its removal is a burdensome chore for the 
householder, who must remove it at fre- 
quent intervals in order to prevent gas- 
backs and to secure satisfactory per- 
formance of the heating system. In the 
second case, it constitutes a nuisance 
to both the householder and his neighbors 
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by settling out after discharge from the 


chimney. All too frequently both nuisances 
exist. 


One means for controlling the fly-ash 
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which have shown that fly-ash troubles 
from anthracite stokers are much less 
frequently encountered when firebox baffles 
have been installed. Although frequently 


TO CHIMNEY 


Fic. 1.—PHANTOM VIEW OF SETTLING CHAMBER. 


emission from domestic furnaces when 
using anthracite stokers is suitable baffling 
of the firebox. A survey of the various types 
of baffles, details of the method of installing 
and some information concerning their 
efficiency has been reported by Anthracite 
Industries, Inc.4 When correctly installed 
for the particular furnace, appreciable 
reduction of fly-ash is reported. These 
results substantiate field investigations, 


recommended by baffle manufacturers for 
use with stokers handling bituminous coal, 
their possible assistance in reducing the 
fly-ash nuisance is seldom mentioned, and 
no scientific data have been found in the 
technical literature concerning this point. 
Until a domestic furnace is designed to 
take cognizance of the fact that at some 
future date it will probably be used in 
conjunction with an underfeed stoker that 
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produces fly-ash, it would appear desirable 


to utilize some type of accessory equipment 
that will at least in part alleviate some 
of the householder’s difficulties. 


METHODS OF CONTROLLING FLY-ASH 


In the field of industrial stokers, the 
fly-ash problem has been fully recognized 
and a wide range of equipment that solves 
this problem with varying degrees of 
success has been made available. The 
various types of industrial dust-collecting 
equipment are so well known and have 
been so thoroughly discussed in the 
technical literature that little point would 
be served by an extensive review of the 


_ subject. It suffices to point out that the 


various dust collectors now employed 
depend in principle upon one or more of 


-the following methods of separation: (1) 


; gravitational, (2) inertial, (3) filtration, 


(4) sprays and (5) electrical. 


To be suitable for domestic use, it is 


essential that the collector be simple in 


construction and operation, compact, heat 


- resisting and of such design as not to 
- 


~ interfere with the draft by offering exces- 


_ sive resistance to the flow of flue gases. In 


addition to these requirements, and prob- 
__ably the limiting factor, it must be inex- 
pensive. In view of these limitations, it is 
apparent that methods 1, 3, 4 and 5 would 


be impractical owing to space required, 
cost, or operational difficulties. It is also 


well known that cyclone dust collectors 
produce high draft losses, which make their 
use in domestic installations impossible. 
It is apparent, therefore, that some form 


of baffled settling chamber, in which 
settling, impingement and centrifugal ef- 


_fects are combined, would be the most 


feasible solution if such a unit could be 


_ designed to meet the requirements outlined. 
- Theoretical data for the design of such 
equipment appear to be nonexistent; so, 
based upon practical experience with 
-settling-chamber and cyclone collectors, 


nee 


and adhering to the limitations prescribed 
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above, the baffled settling chamber illus- 
trated in phantom view in Fig. 1. was 
constructed. 

Preliminary experiments in the stoker 
laboratory showed that this settling cham- 
ber assisted materially in the control of 
fly-ash from domestic stokers and indicated 
the desirability of more detailed informa- 
tion concerning its performance. Tests 
were conducted, therefore, both in home 
installations and in the laboratory, to 
determine the efficiency and practicality 
of the unit as a fly-ash collector under 
conditions approaching as closely as 
possible those obtaining in normal opera- 
tion of a domestic stoker. 


EXPERIMENTAL INVESTIGATIONS 
Laboratory Efficiency Tests 


The details of construction of the baffled 
settling chamber can be readily understood 
from an examination of Fig. 2, which also 
shows the arrangement of the test equip- 
ment used for the laboratory efficiency 
experiments. In this arrangement the 4-in. 
pipe serves the dual purpose of. producing 
sufficiently high air velocities to carry all 
the material tested into the settling cham- 
ber and of providing a location for measur- 
ing the air flow. Rate of air flow through 
the settling chamber was controlled by 
means of a barometric draft control 
installed between the settling chamber and 
the fan. 

The volume of air delivered to the 
settling chamber was measured by means 
of a 4-in. anemometer connected to the 
end of the pipe leading to the chamber. 
Prior to the tests, the anemometer was 
calibrated in place by means of a low- 
pressure prover. An inclined draft gauge 
was used to measure the draft loss across 
the settling chamber. 

The materials chosen for efficiency tests 
included building sand, bituminous coal, 
bituminous-coal ash, anthracite, anthracite 
ash and coke. The materials to be tested 
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were obtained from laboratory stock 
samples, the bituminous-coal ash and 
coke being obtained from an ash-removal 
bituminous-coal stoker and the anthracite 
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standard American Society for Testing 
Materials method. 

The true specific gravity of the various 
size fractions of the several materials 
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Fic. 2.—DESIGN OF SETTLING CHAMBER. 


ash from an‘anthracite stoker. After reduc- 
tion, where necessary, to minus 20-mesh 
in the disk mill, each sample was fraction- 
ated, using the Tyler standard screen 
series, into 10 size ranges, from minus 20 
to minus 325-mesh, and the ash content of 
each fraction was determined by the 


varies as follows: sand, 2.3377 to 2.6732; 
anthracite, 1.6692 to 1.6942; coke, 1.7807 
to 1.8841. Accurate, true specific-gravity 
data for bituminous coal, bituminous-coal 
ash, and anthracite ash could not be 
secured using the standard A.S.T.M. 
procedure. 
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For the efficiency tests two series of 
experiments were performed. In the first 
series each size fraction was run separately 
at the air rate equivalent to that needed 
for the burning of 20 lb. of coal per hour 
with so per cent excess air at 70°F. (4290 
cu. ft. per hour), and at the maximum air 
rate attainable for the stoker fan used in 
these tests (7175 cu. ft. per hour). In the 
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After the air rates had been adjusted 
to the desired constant value, the sample 
was fed by hand into the 4-in. pipe section 
at the rate of approximately 50 grams per 
minute. Care was taken at all times to see 
that the sample was fed smoothly and 
evenly, with no introduction of large slugs 
of material. After the material in the 
chamber had been allowed to settle for a 


TABLE 2.—Feed and Recovery of Specific Size Fractions of Various Materials 


iS 


Recovery 
Size Weight Bituminous | Bituminous i Anthraci 
Fraction, | Feed, Sand Coal Coal Ash | Anthracite ana Coke 
Mesh Grams Zeit { 
: Per . Per . Per : Per : Per : Per 
Weight Cént Weight Cont Weight Cant Weight Ga Weight Cant Weight Gest 
_At Air RATE OF 4290 Cu. Fr. peR Hour 
48 500 492- | 98.4 
65 500 485 | 97.0 
100 500 497 |99.5| 495 |99.0| 465 |93.0| 403 |98.6} 403 |98.6] 495 |99.0 
150 500 487 07.5 485 97.0! 460 92.0} 490 98.0] 490 98.0] 483 96.6 
200 500 470 |94.0] 372 |74.4] 426 | 85.2] 435 |87.0/ 465 |93.0] 450 |90.0 
270 500 314 63.0 265 53.0] 355 7E.O) 330 86.0] 445 89.0] 430 86.6 
325 500 261 52.5 210 42.0 282 56.4 268 53.6 aa 63.0 350 70.0 
— 325 500 DS2; 13654) (ES5Or «30% 0'|), 1205; 9-42 20) “24. | Aa. 8.) >-2r7 | .4354).5 287] 4304 
Per cent minus 65-mesh 
FECOVELEA 6 /0,0.65 beiste s oigueres 73.6 65.9 73.0 71.0 81.0 81.0 
At Arr RaTE oF 7175 Cu. Fr. pER Hour 
35 500 495 99.0 
48 500 498 99.6| 482 96.4 
65 500 | 497 99.4 465 93.0 497 99.4 497 99.4 492 98.4 
100 500 495 99.0 493 98.8] 455 91.0] 494 98.8] - 492 98.4] 480 96.0 
I50 500 492 |98.5| 397 |79.4] 375 |75.0] 470 |94.0| 480 |96.0}- 440 | 88.0 
200 500 493 198.6] 157 | 30-47) §237 147.4365 73-0) 407 >|. 81.4) 333), 66-6 
270 500 279 155.9) 135 |27.0) 209 |4r.8| 187 137.4] 342 |68.4) 286 | 51.0 
325 500 224 AAS ETE 122.2). 159 are Sir 122 | an aie ars. 1 350 Ol 162) //)32. 4 
—325 500 143 | 28.6 72 |14.6| 122 | 209.4 TS) Iss Oo aau +|\20).6)/alT 20.0025 ).2 
Bet cent minus 65-mesh 
OCOVELE Choa dew iccialoaslic’e 71.0 45.5 51.9 57.2 67.7 60.0 


second series of tests a composite sample 


of each of the test materials was made 
from equal portions of the sized fractions, 


ranging in size from minus 325-mesh to 


the size where recovery based upon the 
previous individual tests was substantially 


complete. These composite samples were 
then run at both the low and the high 
air rates. Samples weighing 500 grams 
were used for the tests of individual size 
fractions and 1rooo grams for the tests on 
composite size fractions 


few minutes, the top of the chamber was 
removed and the entire surface inside the 
chamber cleaned with a brush, to remove 
any material clinging to the walls. An air 
hose and brush were used to remove 
material that had settled in the feed pipe. 
The material that had settled in the bottom 
of the chamber was combined with that 
from the brushing process and the total 
was weighed. When composite samples 
were run through the chamber, the 
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removed material was refractionated and 
the weight of each fraction was determined. 

In Table 2 will be found the data for 
weight of feed and of recovery of the 
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‘Home Tests 


During the 1940-1941 heating season, 
one of the aforementioned settling cham- 


TABLE 3.—Feed and Recovery of Composite Size Mixtures of Various Materials 


Bituminous | Bituminous- : Anthracite k 
4 ‘ see Coal, coal Ash, Peeeant, Ash, coke, 
a ite ne Grams Grams Grams 
of 1000 Grams, 
pameate Seer: 
es. 
R - Recov- Recov- Recov- Recov- Recov- 
Fed Stet) Fed ered Fed ered Fed ered Fed ered Fed ered 
At Arr RATE oF 4290 Cu. Fr. PER Hour 
48 125.0} 107.0 
65 125.0] 131.5 
100 166.7] 162.2 |166.7| 167.4 |125.0] 129.0 166.7} 166.3 
I50 166.7| 159.9 |166.7| 167.4 |125.0] I19.7 | 200 |} 198.0 | 200 | 192.7 |166.7| 164.5 
200 166.7] 162.2 |166.7] 143.2 |125.0] 101.1 | 200 | 153.9 | 200 | 195.0 |166.7/} 151.8 
270 166.7] 143.5 |166.7| 117.7 |125.0| 70.0 | 200 | 129.7 | 200 | 164.1 |166.7| 151.8 
325 166.7} 70.6 |166.7} 65.8 |125.0| 64.9 | 200 | 107.0 |-200 | 135.5 |166.7] 120.5 
—325 166.7| 77.6 |166.7| 47.5 |125.0| 119.7 | 200 | IoI.5 | 200 86.6 |166.7] 93.3 
Total weight recovered...| 776.0 709.0 842.9 690.1 773.9 848.2 
Per cent minus 65-mesh 
TECOVETE Disha = oti Mlelniciee 77.6 70.9 80.5 73.42 81.02 84.8 
At Arr RATE OF 7175 Cu. Fr. PER Hour 
35 6 
48 125.0] 118.6 .6 
65 125.0] 118.0 75 a 3 .8 4 
100 166.7} 162.5 |125.0| 123.1 ao .2 9 .0 
I50 166.7] 160.4 |125.0] I14.9 .O0 xe) . -4 
200 166.7] 141.2 |125.0] 40.8 peel .8 a .8 
270 166.7] 95.2 |125.0| 42.7 .6 <2 .8 .4 
325 166.7] 92.2 |125.0] 40.4 .8 es 8 33 
—325 166.7] 80.5 |125.0] 39.5 -5 wa -4 -0 
Total weight recovered...| 722.0 638.0 2 -9 8 “3 
Per cent minus 65-mesh 
TOCOVELE pisces einai elie 42.2 53-5 -0 .9 .0 28 


# Calculated on assumption that 99 per cent recovery would have been 


which were not included in these composite samples. 


various size fractions of the several mate- 
rials tested at the two air rates employed. 
Table 3 shows similar data for each of the 
composite samples tested at the two air 


TABLE 4.—Draft Loss across Baffled Settling 
Chamber at Various Air Rates 


Arr Rate, Drart Loss, 
Cu. Fr. pER Hr. INCHES WATER 
2,480 0.001 
3,430 0.005 
4,250 0.007 
5,340 0.010 
7,070 0.015 


rates. Table 4 shows the pressure drop 
across the settling chamber at a series of 
air rates varying from 2480 to 7070 cu. ft. 
per hour. 


obtained on 100-mesh fractions, 


bers was installed in home B, a complete 
description of which has been published 
previously.’ The essential features of this 
installation are: The dwelling is a six-room, 
brick-veneer, uninsulated house, heated 
with a gravity hot water system by means 
of a Weil-McLain modei No. A-6-W boiler 
with 2.64 sq. ft. grate area and fired with a 
standard 1940 model 20-lb. per hour ash- 
removal stoker. The location of the 
settling chamber may be seen in Fig. 3, 
which shows a photograph of the stoker, 
furnace, and arrangement of settling 
chamber. 

During the 1941-1942 heating season a 
second settling chamber of identical design 


ah At 
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was installed in home A, a description of 
which has been published previously.? 
The essential features of this installation 
are: the dwelling is a nine-room, stone- 


_veneer, rock-wool-insulated house, heated 
with steam by means of an American 
Radiator Redflash boiler, No. 1-S-9, with 

' 4.09 sq. ft. of grate area, using a standard 
1940 model 20-lb. per hour ash-removal 

_stoker. The location and method of 
installation of the settling chamber were 
similar to that for the unit in home B. 


- TABLE 5.—Details of Test Operation in 


< Home Tests 
Data Home B]Home B] Home A 
BUCS IN Ostersre cts, aus 0.010 * 603 604 705 
Windbox pressure, in 


4 AON eid ane, evorwitneiatele 0.9 15a) 0.7 
- Overfire draft, in. H20. 0.04 0.04 |0.03-0. 04 
_ Excess air (start of test), 
50 50 50 
7-8 8-12 
Hout Nea Broken 
coke coke | coke 
te trees trees mass 
Duration of test, days.. 6 70 18 
 Totaloperatingtime,hr.| 47.1 336 82.2 
- Per cent operating time.| 29 20 18 
Coal burned, lb......... 852 6200 1500 


At the start of each test the entire 
furnace, flue system, and settling chamber 
were cleaned thoroughly. A weighed 
~ amount of coal was then burned under the 
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normal operating conditions of the home. 
At the end of each test the fly-ash was 
removed from the flue system and the 
settling chamber, and weighed separately. 


Fic. 3.—SETTLING CHAMBER INSTALLED AT HOME B. 


After determination of the bulk density, 
the material from both flues and settling 
chamber was subjected to screen analyses 
and the ash content of each fraction was 
determined. 


TABLE 6.—Description of Coals Tested 


Test Test Test 
Data No. 603 | No. 604] No. 705 
Source of coals: 
GAT cals umecara isn Lower | Lower | Lower 
Kittan- | Kittan- | Kittan- 
ning ning ning 
County as «selec Clearfield|Clearfield| Centre 
DIZON oe vo caiahaiee oes oenelewe tere 4-0 34-0 34-0 
Dustproofing.......... one Oil CaClz 
Proximateanalysis (asre- 
ceived), per cent: 
Moisture......... 0.7 0.5 4.2 
Volatile matter....| 21.6 23.1 20.5 
pied carbon...... 710.4 66.3 60.6 
Seraisctere Heme ele ss Ghee 10.1 8.7 
Sufabur® per cent.:.... 1.36 Heat 1.05 
Heating value, B.t.u. 
Derby hint week ee 14,425 | 13,970 | 13,154 
Ash-softening tempera- 
HUre Mew ks ae et om ene 2,650 2,800 2,800 
Screen analysis, inches 
or U. S. sieve No.: 
ReaD 4 stirs gore avast panavess 0.4 () 0.1 
SEVEN Faia tale Nin diel ss 13.8 8.4 se 
BG uh Sais. cf shousls 9.9 10.6 3.4 
S6— NO adic ce crsca 6 20.5 19.6 35.1 
Noss) 9 4=8:. see 13.8 20.0 20.9 
Nos SH EO ee can 12.4 15.2 be 
Nos. 16-30.....% II.5 TLs2 10.8 
Nos. 30-50...... We 6.8 6.7 
Nos. 50—-100..... 4.7 3.7 3.7 
Nos. 100-200..... 3.6 Fae x7 
Minus No, 200.... 21. 3.4 + 0.7 
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Details of operation of the stoker are 
shown in Table 5, screen and proximate 
analyses of the coals tested in Table 6, and 
screen and ash analyses of the fly-ash 
collected from both the flues and the 
settling chamber in Table 7. 


THE FLY-ASH PROBLEM WITH DOMESTIC STOKERS 


of each test; a weighed amount of fuel 
was placed in the stoker hopper and the fire © 
started. At the completion of each test, all _ 
the fly-ash in the radiator and in the 


_ settling chamber was collected and weighed. 


The small amount of fly-ash deposited in 


TABLE 7.—Fly-ash Collected in Flues and Settling Chamber 


Test No. 603 Test No. 604 Test No. 705 
Data aT 
Settlin Settling ettling 
Flues Cho aber Flues Chamber Flues Chamber 
Total weight for test period, 1b... ........ 3.56 5.00 4.19 57.06 4.94 2.35 
Total fly-ash per 100 lb. coal burned, Ib.... oo 0.99 0.49 
Bulk'density, Ibyapericws £62. as.cen vege cece 17.6 8.3 17.9 I2.4 
Ash content: (dry), percent... oi.¢...00e 54.0 25.0 63.0 33.6 69.5 52.6 
Screen analysis, U. S. Sieve No.: 
OS.” , B=16ne ee entere sions 0.8 rem 0.3 0.7 0.5 6.0 
NOS... 16-30 eaiic sda ctor 2% 9.7 rx 6.0 z70 ihe i 
Nos. 30-50.... bee 8.9 229% 6.0 13.0 4.2 OrO-e 
Nos. 50-100...... Oo hatha: kes\ielel due Moauslavets 22.8 20.2 18.9 17.9 72,5 6.6 
No8,.300—200 47.5 Bacco tne a eteaiesteade 40.8 19.6 56.8 22.6 32.0 14.3 
Minus No. 200: fii leteveitele meets idee 24.6 27.2 16.9 39.8 49.8 590.4 
Ash analysis for screen fractions, per cent: y 
Nos SE Ooops wiped tet eaiat ye: ods diedecnueh siieishs 59.0 11.6 34.0 31.8 
NOS LOH3O% 2 Anodic shsjebehl ave Woesteese trainee 20.3 14.0 20.1 12.6 
NOSiin SO=5 Ole iaets wake a:sroisiais sitet wtalaie, axe 37.0 16.7 41.3 17.9 
INOS SYR ORTOO. 6 etic bie eas care ee 45.4 24.7 59.0 28.6 
NORE TOO = 200. eter tier ce-ca cere ee 57.2 28.3 66.5 37.4 
Mines NO, 200! 5.4 a dels Mieayent ere ete 65.6 34.1 66.6 41.9 


Laboratory Test of Firebox Baffles 


For the investigation of the effect of 
one type of firebox baffle on the control 
of fly-ash emission from the firebox, a 
circular flat-type refractory baffle was 
suspended at a height of 12 in. above the 
top of the retort of an ash-removal bitumi- 
nous coal stoker that had been modified to 
utilize the preoxidation principle of coke- 
tree control described in a previous 
publication.’ The furnace used for these 
tests was an American Radiator Sunbeam 
D-524 warm-air furnace with 2.35 sq. ft. 
of grate area. The stoker-furnace assembly 
was fitted with a baffled settling chamber 
identical with those used in previous tests. 

Four tests were completed using Lower 
Kittanning seam coal from the same mine 
in Cambria County, in 34 to 3¢-in. stoker 
and 34-in. to o slack sizes. Using each 
of the coal sizes, tests were made with 
and without the firebox baffle installed. 

The entire furnace, radiator and settling 
chamber were cleaned prior to the start 


the short length of pipe between the 
radiator and settling chamber was added 
to and reported as fly-ash in the settling 
chamber. The experimental data pertinent 
to these tests are presented in Table 8. 


DISCUSSION OF RESULTS 
Laboratory Efficiency Tests 


The data in Table 2 show that the 
experimental procedure employed permits 
a reasonably accurate recovery of material 
introduced, as evidenced by the fact that 
better than 98 per cent recovery was 


‘secured with the larger size fractions of 


each of the materials tested. For the indi- 
vidual size fractions of each material, the 
efficiency of collection decreased progres- 
sively with decrease in particle size, as 
would be predicted from the theoretical 
equations for both settling chambers and 
cyclonic separators. At the higher air 
rates, the efficiency of collection was less 
than at-the low air rates, the effect being 
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most noticeable for the materials of low 
specific gravity. 

The recovery of minus 65-mesh material 
is better for the composite sample than 
for the individual size fraction, except with 
anthracite ash at the high velocity, which 
suggests that the larger particles tend to 


_ TABLE 8.—Summary of Fly-ash Results with 


and without the Use of a Firebox Baffle 
in a Warm-air Furnace 


pra Without Fire-| With Firebox 


box Baffles Baffles 
Size of coal, in........ 34- 4-0 - ‘34-0 
Overfire draft during mst Ts Mors dG 
“‘off’’ periods, in. 
LE1C| 2 Gene a ..-| 0.04 | 0.04] 0.04 | 0.05 
Excess air, per cent@...| 0.4 ELGAy Wl Ox4, (2020 
_ Per cent COs during 
“fon” periods....... I2-14| II-13 | 12-16 | 10-12 
Height of fuel bed 
above retort, in.....| 8-10! 6-12] 4-6 5-9 
— Condition of bed...... Large lumps | Small pieces 
of coke of coke 
_ Duration of test, gays. oat ord: | I 
_ Cycle of operation.. 5 minutes ‘‘on”’ 
3 : Io minutes ‘‘off’’ 
_ Percent operating time] 33.3 |.33.3 | 33-3 | 33-3 
a Weight of fly-ash, lb.: 7 
Bee LOtal ees. fies cies > 6.8 | 16.8 Bee ets 
aa Infurnace radiator..| 4.7 7.9 2:7 8.8 
va, Insettlingchamber..| 2.0 8.9 1.0 5.7 
Weight of coal burned, 
US) dnc eile oe ane 3 | 2057 857 | 2162 
- Fly- ash per 100 lb. ie 
burned, lb.... 0.79| 0.82] 0.43] 0.67 


UMP GS FO NAL A CAN ERC Peat Be 


AN ed) | eae ie be 


a. ee en ee 


— ees 


@ Does not include natural draft leakage through 
and around ash-removal grate. 


knock out of suspension some of the 
smaller ones. A certain amount of size 


degradation of all the larger particles 


occurs either during the screening or 


- during their passage through the system. 
- The fact that the total recovery of minus 


65-mesh material is lower for the composite 


sample of anthracite ash then for the same 


fractions of sized material can be attributed 
to excessive size degradation due to high 
friability of the anthracite ash. 

- At the lower air rate the recovery of all 
the materials tested was exceptionally good 


(94 per cent or better) for particles 200 


mesh or larger in size, and the over-all 
collection efficiency, which ranged from 
approximately 70 to 80 per cent, was 
reasonably satisfactory. At the higher air 
rates the collection efficiency for the 
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particles 200-mesh and larger in size was 
somewhat less satisfactory, but where 
appreciable size degradation was not 
encountered the recovery averaged about 
go per cent. 

The data for draft loss across the 
chamber indicate that no difficulty is 
likely to be experienced in domestic 
installations operating under normal con- 
ditions where satisfactory draft is available. 
It is recognized that the space velocity of 
the flue gas will increase with increase in 
temperature of the gas, but for normal 
stoker operation in the domestic furnace it 
appears unlikely that velocities appreciably 
higher than the range covered in these 
experiments will be encountered. 


Home Tests 


The data presented in Table 7 show that 
the percentage of fly-ash recovered for the 
two tests at home B amounted to 1 per 
cent of the weight of the coal fed, while 
the percentage recovered in test 705 at 
home A amounted to only o.5 per cent. No 
single reason can be given to account fully 
for this appreciable difference in results, 
but the following are believed to have been 
contributing factors: 

1. In test 7o5 reasonably satisfactory 
fuel beds were obtained during the entire 
test, while large coke masses were present 
during all of test 603 and during a large 
part of test 604. The presence of large 
coke trees or coke masses tends to produce 
channeling of the air and causes high 
localized velocities of flue gases. 

2. The percentage of minus 30-mesh 
material, which is the size range of fly- 
carbon particles, was less for the coal used 
in test 705 thah in the other two tests. 
Likewise, the percentage of plus }4-in., 
which is the size most likely to degrade 
in the stoker feed screw, was much less in 
test 705. Thus, the percentage of material 
of fly-carbon size was probably appreciably 
lower for.test 705 than for either of the 
other tests. 
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3. The firebox size was almost twice as 
large in test 705 as in the tests at home B, 
and this might be expected to give lower 
flue-gas velocities. Previous tests using 
the same coal in both homes, however, 
gave substantially the same percentage of 
fly-ash, so there appears to be some doubt 
as to the influence of this factor. 

In comparing the size consist and ash 
contents of the fly-ash collected in the 
flues and settling chamber for all three 
tests, it will be noted that the material 
from the flues contained an appreciably 
higher percentage of material in the 100 to 
200-mesh size, and that the ash content 
of the composite from the flues was much 
higher than that of the composite from the 
settling chamber. The reason for this is 
that a large percentage of the fly material 
blown from the firebox is combustible 
matter. The part settling in the flues, 
consisting originally of the larger sized 
material, is subjected to temperatures high 
enough to burn much of the combustible, 
with the result that the ash content is 
increased. Some of the ash thus produced 
in the flues is blown out and replaced by 
fresh fly material, and the process is 
repeated. 

It has been found in a number of installa- 
tions that where adequate stack draft is 
available the material in the flues attains 
substantially an equilibrium condition. In 
general, this condition of partly filled 
flues does not appear to impair the flow of 
flue gases seriously, but occasionally the 
fly-ash has built up to such a point that 
it blocked off the flue passages almost 
completely and gas-backs were produced. 

It has been suggested®’ that a U-shaped 
fly-ash trap or a tee should be installed 
in the smoke pipe from the furnace in 
order to collect the fly-ash and permit its 
removal. On the basis of the home tests, it 
does not appear probable that such a 
device would be adequate. Such an arrange- 
ment would be an improvement over most 
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existing installations, however, where no 
means is provided for removing fly-ash. 
Entirely apart from any characteristics 
that may be attributable to the fuel, the 
amount of fly-ash escaping from the firebox 
is a function of the size and design of the 
boiler, the kind of baffling in the firebox 
(if any), the percentage of excess air,.and 
the percentage of ‘‘on” time necessary to 
fulfill the heat demand. Insufficient work 
has been completed on the effect of the 
size and design of the boiler to warrant any 


definite conclusions concerning this prob- - 


lem, although experience indicates that 
less fly-ash difficulty will be encountered 
with oversized furnaces. Similarly, experi- 
ence indicates that less difficulty is encount- 
ered when the stoker and boiler are over- 
‘sized for the heating load. 

In discussing the possible use of settling 
chambers for domestic installations, three 
specific questions arise: (1) the installation 
cost of such a device, (2) how much over- 
heating of the basement will be caused by 
the radiating surface of the settling 
chamber, and (3) will the average house- 
holder be interested in an accessory 
requiring periodic attention. It is obviously 
impossible to present quantitative answers 
to these questions, but the following 
experiences may be of interest. Each of the 
units installed in the test homes was 
handmade at a cost of approximately 
twelve dollars. On a mass production basis 
this figure could be materially reduced 
and because of simplicity of installation 
the installation charges should be relatively 
low. Extensive home tests® have shown that 
overheating of the basement will not be 
produced by the settling chamber even 
‘during summer operation of the stoker to 
provide hot water for household purposes. 
During the summer of 10942, service 
hot-water tests were conducted in the 
basement of home B and the maximum 
recorded temperature was found to be 
78°F. During winter operation no over- 
heating of the basements in either of the 
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test homes had been noticed, although 
because of the longer firing periods some 
radiation of heat is apparent. In some 
respects this extra radiation of heat is 
advantageous, as it represents recovery of 
waste heat normally discharged up the 
stack. 

Concerning the home owner’s reaction 
to the use of the settling chamber and his 
willingness to provide occasional attention, 
only qualitative information can be offered. 
The two home owners where test units are 
installed appear to be well pleased with the 
performance of the settling chambers and 
have serviced the units when necessary. 
Entirely upon their recommendations, 
several similar installations have been made 
at State College and at least one stoker 
service engineer has recommended and 
installed a number of similar units in 
other parts of central Pennsylvania. 

It must be emphasized that the settling 
chamber is not the ideal solution to the 
fly-ash problem, because it is a control 
method, but until a real solution is found, 
in the form of a properly designed furnace 


- that eliminates the fly-ash problem, it is 


believed that the advantages to be gained 
from the use of this or a similar device will 
far outweigh any disadvantages that may 
exist. It is believed, moreover, that the 
settling chamber will do much to alleviate 
the fly-ash nuisance experienced by many 
users of domestic stokers. 


Firebox Baffles 


The test results presented in Table 8 
show a fly-ash emission equivalent to 0.8 
per cent of the coal fed when the baffle 
was not used. This figure is somewhat 
higher than a home test result of 0.5 per 
cent obtained a year ago when using 3. to 
3¢-in. coal from the same source on a 
duplicate stoker. In the former test, how- 


ever, a hot-water boiler rather than a 


warm-air furnace was used, the size of the 
firebox was larger, the percentage of “on” 
time during the test was appreciably 
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Jess, and the cycle of operation was quite 
different, because in the home test the 
stoker operated on thermostatic demand 
whereas in the laboratory test the stoker 
operated on a fixed cycle. Which of the 
several variables is responsible for the 
increased fly-ash cannot be established 
from the data available. 

For the test with the baffle installed, 
the fly-ash emission from the firebox was 
reduced almost 50 per cent for the stoker 
size and almost 20 per cent for the slack 
size coal. Increase in the percentage of 
excess air for the test with baffle installed 
partly accounts for the apparently poorer 
results when the slack size was being 
burned. Only one type of baffle was tried 
for this test, but according to data reported 
by Anthracite Industries, Inc.,4 this par- 
ticular type is one of the more effective 
of the several types tested for the reduction 
of fly-ash emission. 

It should be pointed out that the applica- 
tion of firebox baffles is feasible only where 
a relatively free-burning fuel ‘bed is 
possible, as with anthracite; with a few 
of the freer burning bituminous coals, or 
with some method of coke-tree control 
such as was employed in the experiments 
described. Where heavy coke formations 
or coke trees are produced by the fuel, 
laboratory results have indicated that the 
baffle cannot be used successfully. Simi- 
larly, the baffle is not very satisfactory 
for use with the clinkering type of stoker, 
because in order to be effective the baffle 
must be placed in the furnace in a position 
that will interfere with the convenient 
removal of clinker. Published data* also 
indicate that the use of baffles is imprac- 
tical in boilers when the draft resistance 
across the boiler exceeds 0.10 in. of water. 
Such a high draft loss across the boiler is 
rather exceptional if the flues are clean, ‘but 
the design of many boilers and warm-air 
furnace radiators makes it possible for the 
draft loss to exceed this value when fly-ash 
obstructs part of the flue passes. 
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CONCLUSIONS 


The emission of fly-ash from the firebox 
of furnaces fired with domestic underfeed 


stokers varies with a number of factors, - 


which depend upon both the coal and the 
equipment used. Not infrequently the 
amount of fly-ash amounts to as much as 
I per cent of the weight of the coal fed 
to the stoker. 

Virtually all domestic furnaces now in 
use or available to the average householder 
are designed primarily for hand-fired 
operation and are inadequately designed 
and equipped to take care of the fly-ash 
production normally encountered when 
used in conjunction with domestic under- 
feed stokers. Some type of accessory 
equipment, therefore, is desirable, to assist 
in the control or rémoval of this fly 
material. 

A baffled settling chamber small enough 
to fit conveniently into almost any domestic 
installation has been designed and its use 
tested in the laboratory and in the home. 

Laboratory ‘tests indicate reasonably 
high fly-ash collection efficiency for all 
particles down to about 200-mesh in size, 
and satisfactory over-all collection effi- 
ciency for all particles in the size range 
normally produced in domestic installa- 
tions. Draft loss caused by installation of 
the settling chamber is negligible. 

Home tests have shown that the use 
of this settling chamber or some similar 
device is both practical and advantageous. 

The use of one type of firebox baffle for 
controlling the fly-ash emission from the 
firebox has shown that a very material 
reduction of fly-ash is possible with this 
device, although the reduction does not 
appear to be sufficient to overcome all 
fly-ash difficulties. The limitations of the 
use of baffles are discussed. 

The use of auxiliary devices such as 
settling chambers or baffles is admittedly 
not an ideal solution to a problem that 
involves primarily redesign of the domestic 
furnace to take cognizance of the fly-ash 
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problem, but ae devices will assist the 


householder in partly overcoming the 


inherent weakness in existing designs. 
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DISCUSSION 
(J. E. Tobey presiding) 


J. F. Barxtey,* Washington, D. C.—This 
paper supplies new and interesting informa- 
tion, particularly to city smoke-regulation 
engineers. In the days when hand firing pre- 
dominated, smoke was the principal nuisance 
that brought on smoke ordinances. The con- 
tinued replacement of hand firing by the 
forced-draft stoker has greatly lessened the 
smoke nuisance but has created a new nuisance 
—fly-ash. Certain smoke-regulation engineers 
believe that there should be some type of a 
fly-ash separating device on all stoker installa- 
tions. In general it has not been possible to 
bring much pressure to bear on domestic 
installations, but many small stokers in apart- 
ment houses and elsewhere give considerable 
nuisance from fly-ash. Installation of expensive 
and highly efficient dust-separating equipment 
is net practical for such stokers, but the type 
of fly-ash separator proposed by the authors 
could serve exceedingly well. 

The authors have supplied test information 
as to the efficiency of their simple and practica- 
ble device. This is of much value to the smoke- 
regulation engineer responsible for eliminating 
to the extent possible and practicable the 
emission of fly-ash from chimneys. Almost 1 no 


* Chief, Division of Solid Fuels Utilization 
for War, Bureau of Mines. Discussion pub- 
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information has been published on the actual 
performance of the simpler dust-separating 
equipment. 

As a matter of design, particularly for the 
somewhat larger installations, some type of 
gate for dumping the ash from the hopper 
would be an improvement over the removable 
cap. It would also be desirable to have one side 
plate of the device readily removable for easy 
access to the interior. 


L. A. Saipman,* Knoxville, Tenn.—As is 
usual with such pioneering work, the ideas 
that the authors present to us for the first 
time concentrate our thoughts on this subject, 

_ which otherwise might be forgotten. 
When speaking or attempting to form con- 
_ clusions from practical tests in furnaces, one 
_ finds he has developed a very controversial 
_ subject. Because of the thousands of physical 
and chemical conditions in domestic heating 
~ plants, with the hundreds of different coals 
used and the resultant fly-ash, the number of 
opinions developed, and the difference of these 
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the results as well as the material the flying 
particles are impinging against. 

I congratulate the authors and hope that 
this beginning will lead to the design of fur- 
naces and equipment that will not require 
settling chambers or baffles as 
devices. 


auxiliary 


A. W. Txorson,* Pittsburgh, Pa.—This 
paper calls attention to one of the problems 
that should be solved in the course of develop- 
ing improved coal-burning appliances. The 
amount of fly-ash emitted by the chimney is 
dependent, of course, on the type and size of 
coal and the adjustment of the machine, as 
well as the nature of the installation. It seems 
obvious, however, that a completely automatic 
coal-fired plant should have some provision for 
avoiding the potential nuisance of fly-ash. 

Ideally, a device for collecting fly-ash should: 
(1) efficiently remove plus 200-mesh material; 
(2) operate with minimum draft loss; (3) 
occupy a minimum of space; (4) permit easy 
removal and disposal of collected material; 
and (5) be an integral part of and incorporated 


ps opinions—all of which may be correct—defi- 
- -nitely point out the crying need for more fun- 
damental information to assist in analyzing 
_ the conditions. 


within the heating unit. The authors’ design 
appears to accomplish the first two and fourth 
objects reasonably well. It is hoped they will 
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The test of firebox baffles on control of fly-ash 
indicates that this baffle was responsible for 
changing the burning conditions, which may 
have contributed to the prevention of fly-ash 
by reducing velocities of gas flow through the 
fire by increasing the active burning-area as 
indicated by ‘“‘small pieces of coke” or by heat 
radiation, which fused more of the ash to a 
clinker, or both. 

The selection of a method wherein settling 
impingement and centrifugal force are the 
contributing factors in fly-ash removal stimu- 
lates our minds in thinking of other tests other 
than particle size, specific gravity, bulk density, 
~ on which we have’standard or tentative stand- 
- ard methods of determination that may affect 
the results of the tests and further identify the 
coal, coal ash, coke, anthracite or anthracite 
ash. 

Tests of grindability, hardness or angle of 
repose might be an indication of the relative 
differences of the slowing down of velocities 
by impingement, as apparently this can affect 
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* Southern Coal and Coke Company. 


continue their work on this much neglected 
subject. 

A vast amount of work has been done to 
develop industrial dust collectors, and many 
data and much information on design are 
available. Careful study of this field might 
point to applications of a highly efficient type 
to the domestic heater. Such a collector would 
save space, which is a very important factor, 
particularly if the fifth objective is to be 
fulfilled. 

On page 242 the authors discuss the abnormal 
size distribution of material collected in the 
heater flues. They explain that a higher per- 
centage of 100 to 200-mesh size was collected 


in the flues than in the collector because the ~ »! 


coarse portion settling in the flues is subjected ° 
to temperatures high enough to burn much of 
the combustible.. This material is then blown 
out as it is consumed, leaving a high percentage 
of finer material. In my opinion, the tempera- 
tures in the flues do not approach the 1000° to 
1200°F. necessary to again produce ignition 


* Assistant to the President, Carnegie Insti- 
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and combustion of the particles blown from 
the fuel bed. The abnormal size distribution 
may be explained, however, in the following 
manner: The air through the fuel bed carries 
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settling chamber will be representative. If we 
dump the two collected quantities together and 
obtain a sieve analysis, the composite should 
represent that material leaving the fuel bed. 
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U.S.S Sieve number 
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Cumulative percentage retained on sieve 
Fic. 4.—SIEVE ANALYSIS, TEST 604. 


with it particles varying from the maximum 
density the air velocity will carry down to the 
finest material present. Part of the solids will 
collect on the flues and in corners and pockets 
where local velocity is low. After a time these 
fill up, and the gases scour a definite path, 
after which time little additional material will 
collect. The remainder of these solids will 
deposit in the settling chamber, chimney pipe 
or elsewhere, or will pass out of the stack. 
Neither the part in the flues nor_that in the 


_ TABLE 9.—KRecomputation of Table 8 


Total weight 
collected, lb. 


Sieve, 
Analysis 


—<—, —— |§ ————— | —— | —__ | —_____ |] —_ 


0. 
2. 
8. 
2. 
oO. 
4. 


—8 + 16 
—16 + 30 
—30 + 50 
—50 + 100 

—100 + 200 
— 200 


Npb 


Flues 


10 20 30 40506070 80 90 


less, of course, the fine sizes going to the stack. 
Accordingly, the writer recomputed Table 8, 
as shown in Table g, to obtain composite size 
distribution. The two portions and the com- 
posite for test 604 are plotted on Fig. 4. This 
test was chosen because the quantity of fly-ash 
collected was much larger and should be 
subject to the least experimental error. 
Although the size distribution of the two 
portions forms curves, that of the composite 
quantity forms a straight line on probability 
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paper, thus indicating a normal distribution of 
particle sizes. This indicates that the particles 
that were expected to be found in the flues, but 
were not, were actually found in the settling 
chamber. 
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hoped that this work can be continued to 
present further information leading to the 
lessening of fly-ash at the source—in the 
furnace. 

With anthracite as the fuel, the principal 
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Fic. 5.—DoMEsTIC STOKER BAFFLES, WITH RELATIVE EFFECTIVENESS IN REDUCING FLY-ASH 
DEPOSITED IN PASSES. 
A seventh type of baffling-flue pass bricks (not shown) was found to reduce fly-ash deposits in 


It would be interesting to have similar plots 
obtained by use of different coal types and 


- sizes. This information would add materially 
~ to our knowledge of the material we are called 


upon to collect, which in turn would enable us 
to design the ideal dust collector for the 


_ domestic heater. 


A. J. Jounson,* Philadelphia, Pa.—The 


authors undoubtedly have made a valuable 


contribution in connection with an almost 
entirely neglected phase of stoker performance. 
Both the measurements and analyses are timely 
and will be the basis for much future research 


_ toward the ultimate solution of this vexing 
_ problem. 


However, with regard to the use of auxiliary | 


equipment for collecting fly-ash, it is to be 


- * Mechanical Engineer, Anthracite Indus- 
tries, Incorporated. 


the passes to 41 per cent of normal; i.e., it was 59 per cent effective. 


annoyance of fly-ash is as the result of its 
accumulation in the flues and passageways of 
the heater; therefore a settling chamber be- 
tween the heater and the chimney will not 
alleviate the real complaints. 

Suggestions for possible solution, or at least 
subjects for further research, may be outlined 
as follows, with emphasis upon the fact that 
these suggestions are primarily intended to 
apply to anthracite-burning heaters: 


Designing Heaters for a Minimum of Fly-ash 


In designing new heaters, the potential for- 
mation of fly-ash should be given serious 
consideration. 

The basic principles of sudden changes in gas 
direction and velocity can be built directly into 
the furnace to throw a major percentage of the 
fly-ash directly into the ashpit or back on to 
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the fuel bed. This can be accomplished by 
appropriate design to secure the effect of either 
curtain baffles, 
baffles. 


downdraft tubes, or bell 


of SmoKe pie 

gd into ybbaka ports 
atdened against sila 
af the bartam 


ORAFT TUBE 
BAFFLES 


BELL 
BRFFLE 


Fic. 6.—IMPROVEMENTS IN BAFFLE APPLICA- 
TION. 


In steel boilers, and to a somewhat lesser 
extent even cast iron, the use of small tubes or 
passageways having relatively high gas veloci- 
ties has been shown to materially reduce the 
fly-ash that will be deposited. 

In brief, a new heater should be designed to 
trap a maximum amount of fly-ash in the 
furnace; to deposit as little ash in the flues and 
tubes as possible; and, finally, it should have 
an integral collecting bootleg just ahead of the 
breeching, with an easily operated, clearly 
marked cleanout door or port. Such a bootleg 
should be of ample size for a full year’s accumu- 
lation of fly-ash. 
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- 
Baffling Existing Heaters to Minimize Fly-ash 


Existing equipment, naturally, cannot be. 
changed so radically to minimize fly-ash. How- 
ever, as the authors have shown, the use of 
furnace baffles can effect a very material re- 
duction. Their tests to date report experiences 
with only one type of baffle. This reduced the ~ 
fly-ash from 0.81 to 0.55 lb. per 100 lb. of coal 
(average of two tests). The baffle used was off 
the pancake type, which we had previously 
found to be the second best of seven types” 
tested. 

Fig. 5 shows these seven types of baffles | 
the order of their efficiencies. The figures on’ 
each baffle refer to the percentage of the fly-ash _ 
that the baffle held back from accumulating in 
the heater passes; in other words, the me 
measure of the effectiveness of the baffles. That — 
these figures are high as compared with the t 
authors’ is probably because we measured only 
the ash in the flues and not that which passed 
through the heater. However, the relative posi- 
tion of the several baffles would not be affected. 

Subsequent to these tests at least two im- 
provements have been made in baffle applica- 
tion to further increase their effectiveness. 
These are shown as Fig. 6. The first, a bell 
baffle, is not only highly effective. but also has 
the advantages of forcing the gases to scrub - 
the heater walls and of transmitting additional 
radiant heat from the hot baffle to the heater 
surfaces. Unfortunately, it has the serious dis- 
advantage of having to be custom built; is 
rather difficult to install; and is hard to design 
so that the fire can be built and inspected 
readily. Probably its most promising future 
application is in new boilers, where these dis- 
advantages can be overcome. 

The second improved bafile is of the down- 
draft-tube type, but differs from that tested in 
the important respect that the tubes have been 
carried as close to the fuel-bed level as possible 
and placed back against the heater side walls. 
These features prevent the fire from “looking 
into” the tubes and tend to force all furnace 
gases into a circuitous course. The construction — 
and installation of these baffles is simple. In 
fact, many have been fashioned of ordinary 
smoke pipe, fastened to the uptake openings 
by being multiple slitted, then bent in place 
into flange form, and with the lower ends 
flattened against the heater walls. 
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DISCUSSION 


In conclusion, it should be stressed that the 
use of baffles as a solution to the fly-ash problem 
has the important additional advantage of 
improved heater efficiencies and outputs.* 


J. D. Dowerty,+ Pittsburgh, Pa—The 
authors’ investigations of the fly-ash problem 
with a moving-grate ash-removal stoker for 
bituminous coal and their frank discussion of 
the fly-ash problem should be very helpful 
toward a final solution of the problem. 

It may be of interest to compare the amount 
of fly-ash deposited in the boiler flues with the 
stoker used by the authors and that found with 
the conventional type of domestic bituminous- 
coal stoker; that is, the under-feed single-retort 
stoker in which the ash is removed as a clinker, 
and which has no agitation of the fuel bed. At 
the Stoker Coal Research Laboratory of the 
Koppers Company, a variety of bituminous 
stoker coals have been tested with a small 
clinkering-type stoker installed in a cast-iron 


_ sectional boiler, as described by Knox and 


Doherty. { The amount of fly-ash removed from 


__ the boiler after having burned about 520 lb. of 


coal (at normal air settings and a coal feed 
rate of 15 lb. per hour) ranged from 0.08 to 
0.24 lb. per 100 lb. of coal burned. The authors 
of the paper under discussion report that with 
a 34 to 3g-in. Cambria County coal burned 
under similar conditions in the ash-removal 
stoker the fly-ash deposit was 0.79 lb. per 100 
lb. of coal burned. These figures indicate that 
with the clinkering stoker the fly-ash deposit is 
only a fraction of that produced with the ash- 
removal stoker. This confirms the generally 
accepted belief that the agitation or disturb- 
ance of the fuel bed, especially when the stoker 
is running, greatly increases fly-ash. 

Investigations in the Koppers laboratory 
indicate that fly-ash deposits with the clink- 
ering-type stoker can be decreased by decreas- 
ing the air rate, decreasing the coal feed rate 
with corresponding decrease in air rate, decreas- 
ing the overfire draft, and avoiding as far as 
possible agitation of the fuel bed, especially 
when the stoker is running. 


* References: Baffles for Stoker Fired Boilers. 
Bull. L38, Anthracite Industries, Inc. 
- + Koppers Coal Division, Eastern Gas and 
Fuel Associates. 

t W. Knox and J. D. Doherty: Research on 
Coal for Domestic Stokers. Trans. A.I.M.E. 


(1942) 149, 254. 
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T. S. Sprcer, R. G. Bowman and C. E. 
Wricut (authors’ reply).—The authors appre- 
ciate the thought and effort that the several 
discussers have demonstrated and the numer- 
ous useful suggestions that are made which 
contribute materially to a more thorough 
understanding and recognition of the fly-ash 
problem. 

Mr. Barkley’s suggestion of a grate for dump- 
ing the ash would be especially useful on larger 
units than those normally required for purely 
domestic heating plants. 

Little can be added to Mr. Shipman’s re- 
marks, because unfortunately the data sug- 
gested as desirable were not secured. In further 
work it would be of interest, however, to secure 
such data and determine the correlation. 

Mr. Thorson’s suggestion concerning the size 
distribution of the composite fly-ash in flues 
and collector is most interesting and may to 
some extent explain the observed phenomenon. 
In the home test reported, however, it was 
observed on numerous occasions that the fly 
material was, as described in the paper, actually 
burning in the flues. Based upon numerous 
measurements of the temperature of flue gases 
leaving a number of furnaces and boilers, the 
authors believe it would be a rather unusual 
domestic installation where the temperature in 
the flue passes of the boiler does not exceed 
roo0o°F, during the on periods.! 

Mr. Johnson’s discussion and data are most 
valuable and are a definite contribution to the 
meager literature on the use of baffles. 

The authors are unable to agree with either 
the comparisons made or conclusion reached 
by Mr. Doherty. A comparison of the fly-ash 
collected only in the flue passes of a cast-iron 
boiler is made against the fly-ash collected in 
the radiator, smoke pipe and dust collector and 
a warm-air furnace and the conclusion reached 
that the ash-removal stoker produces more 
fly-ash. A comparison between the data of 
Table 7 for fly-ash collected in the boiler flues 
only and that of the paper by Knox and 
Dohertyt{ would appear more logical and would 
lead to the opposite conclusion. Such a com- 
parison would be unjustified, however, because 
cycle of operation, type of firebox, character 
of the coal, excess air and several lesser vari- 
ables influence the results. 

Comparative tests have been made by the 
authors using the same coal on a fixed cycle of 
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TABLE 10.—Fly-ash Data for Clinkering 
and Ash-removal Types of Stokers 


Fly-ash Collected, Lb. 
per 100 Lb. Coal Burned 
Size Coal,| Firebox Clinker-type | Ash-removal 
In. Baffle Stoker Stoker 
Flue Radi- 
Dace Total ator Total 
34 X 34 No 0.17 | 6.25 | 0.19 | 0.33 
34 X % Yes 0.17 | 0.27 | 0.39 | 0.79 
34 X 0 No 0.29 | 0.93 | 0.38 | 0.82 
34X20 Yes 0.26 | 0.61 | 0.40 | 0.67 


operation—s5 min. on, 10 min. off—in a clinker- 
ing type and in an ash-removal type of stoker, 
both of which were modified to incorporate the 
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preoxidation principle. The clinkering-type 
stoker was installed under a standard boiler 
and the ash-removal type under a standard 
warm-air furnace. Approximately one ton of 
coal was burned in each of the tests, the data 
for which are shown in Table ro. 

These data indicate that the amount of fly- 
ash from the two types of stokers is probably 
of the same magnitude when the clinkering- 
type stoker is operated on a sufficiently heavy 
cycle to ensure clinkering of the ash. When on 
a mild cycle, such as frequently is encountered 
during fall and spring operation, experience 
indicates that much more fly-ash may be 
expected from the clinkering-type stoker unless 
the ash of the coal employed is unusually easy 
to clinker. 
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Selection of Coal for Carbonization 


By B. P. Mutcany* 


WHEN the phrase “selection of coal for 
carbonization” is used, there is always the 
implied continuance of thought “to make 
good coke.” The reason for this, of course, 
lies in the fact that, in almost all instances, 
when coal is carbonized coke is the prin- 
cipal product. Under certain conditions the 
yield of gas may also be a factor, but even 
here it must be secondary to the coke 
yield, for in every instance coke represents 
_ the largest single product of the process. 

The importance of coke to the by- 
product industry has been considerably 
enhanced during the past 20 years because 
of the continuously decreasing financial 


returns of. all the by-products. This fact . 


will account, in part, for the rebirth of 
interest and investigation in the carboniza- 
tion process during the past 10 years. 
Many. papers have been written on this 
subject, with naturally divergent thoughts 
because of the diversity of interests, but 
in each instance the common aim was the 
same—the making of better coke. 


ScoPE OF INVESTIGATION 


In perusing this literature, the writer 
was struck with the constantly recurring 
imposed condition of asking for better 
coke, but with the distinct unwillingness 
to make any concession to temperature 


of carbonization. 
When there is a high demand for coke, 


This paper was presented at a meeting of 
the Blast Furnace and Raw Materials Com- 
mittee, A.I.M.E., Pittsburgh, Pa., April 1944. 
Manuscript received at the office of the Insti- 
tute June 5, 1944. Published alsoin Proceed- 
ings of the Blast Furnace and Raw Materials 
Conference, 1944. 

* Research Engineer, Citizens Gas and Coke 

Utility, Indianapolis, Indiana. 
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the only means by which the industry can 
increase the quantity is to shorten the 
coking time by an increase in temperature, 
or to increase the quantity of low-volatile 
coal, or both; and since in many instances 
the percentage of low-volatile coal can be 
increased only in small quantities, because 
of factors to be discussed later, the big 
increase must come from shortening the 
coking time. When this is done most of the 
improvement accomplished by the selec- 
tion of the coals in the mixture is lost. 

It is not felt necessary in this paper to 
discuss the advantages of minimum ash 
and sulphur and other materials in coal. 
The value of minimum contents of these 
materials in coke is well established. When 
the use of coals high in these contents is 
dictated, the selection of coals, as we will 
consider it here, cannot apply to full 
advantage. 

The scope of this paper, then, will be 
to discuss the factors of inherent coal 
characteristics and operating procedures 
that influence coke quality, for they are 
fundamentally related and both must be 
considered if we are to attain our objective 
of better coke. 

A study of either must embrace a study 
of both simultaneously. To properly 
evaluate the influence of the coal and to 
help in the selection, we must first be able 
to appraise the coke, and interpret fairly 
the influence of the process in all of its 
aspects. 


APPRAISAL OF COKE 


To refer simply to the quality of coke 
gives no indication of what is meant, for 
the term is too general in its implication. 
An analysis of a coke is divided usually 
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bd 
effect upon the performance of the coke. 
The principal factors in this category 
are as follows: size, strength, weight per 
cubic foot, porosity and cell size, and of 


into two groups of characteristics, chemical 
and physical. 

We are all familiar with the terms in the 
usual chemical or proximate analysis, 


erated MD Aan °+ 


SQFT OF SURFACE PER 100 Cu. Fr. 
PER CENT VO/lOS 


COAE SIZE - 


INCHES 
Fic. 1.—COKE SIZE VS. AREA AND VOIDS. 


The broken, straight line indicates coke size vs. voids; the solid asymtotic curve indicates 
coke size vs. surface. 


volatile matter, fixed carbon, ash and these size and strength alone will give an 


sulphur, and what they indicate, and these 
in general we will not discuss. It is 
the physical analysis of the coke that we 
are concerned with, for these factors 
in most instances exert by far the greatest 


index of coke quality more important in 
general than all of the other factors com- 
bined, for they represent to a very large 
extent the composite effect of the coal and 
the process. 


TABLE 1.—Coke Size vs. Voids and Surface Area 


Surface Exposed 


Hats (Assuming Cubes) 
Size Asi ow noone aoa eetant 

vo as er Cent | Per Cent a n. Sq. Ft. Sq. Ft. 
per 100 | per 100 

Cu. Ft. Lb. 
Nos DLOURaTy asics cc oe Barnes 4 I ) ee 604 24.9 
INGA F OUD OL ica Urge ess tieliabreades .4 5 7s 4.08 785 cpa) 
Special No. 3 foundry®.......... Ae 2 8 @.57 909 36.4 
Oj SROUNEIV aS. oe.c seats .4 9 Hi 3 3.42 946 Shue 
No. 3 foundry¢ and nut......... pia ” Ra 3.24 I,150 40.2 
Tid. eGR SAl eee ab) eines sakde Aohee A 2 8 3.051 1,110 41.7 
BIAS MIPHACE asics wots dir <n Uwe 4 6 4 2.221 1,604 57.3 
BOGE oP iuereeen otate sianteeahh schtcly Gee .4 6 -4 1.973 1777 64.6 
Nit at saat tees sat. takin iis -4 I .9 I.199 3,070 106.6 
Pea 65 I *) 0.51 7,350 259.0 


4 Tests on coke of wide spread in size consist. 
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In the following discussion it is neither 
inferred nor implied that the other factors 
are unimportant. The object is to clear 
the 


the stage of all nonessentials so that 
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SIZE OF COKE 


Size and strength of coke are closely 
related, for the size of a coke from any 


a 


2.—LARGE (No. 1) FOUNDRY COKE. | 


Fic. 3.—Mepium (No. 2) FOUNDRY COKE. 


components of the problem may be evalu- 


ated properly. The total ash and sulphur 


contents of coals are controlled outside the 
coke plant, and therefore are intended to 
have no influence in this consideration. 
The size of the ash particle, however, is well 


: within the control of the plant operator, 


and he who willfully disregards its influence 


by not crushing his coal sufficiently fine 


- cannot be seriously interested in good coke 
_ structure. 


coal mix, carbonized at a given rate, is a 
direct function of the fissure development 
in the coke and the resistance of this same 
coke to degradation under physical han- 
dling is a function of the same property. 
This point will be illustrated later. 

First, consider size alone. Fig. 1 shows 
the percentage of natural voids between 
the pieces in various sizes of coke. The 
data for the curves are contained in 
Table r. 
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The index used is a weighted average 
size obtained by complete screen analysis. 
As the curve in Fig. 1 indicates, the greater 
percentage of voids occurs with the largest 


Ras 


Fr 


coke size, which means that a given volume 
will contain a smaller quantity, by weight, 
of a larger sized coke. The second curve 
on this chart, coke size vs. surface area, 
is a composite of the voids and the area 
per pound computed to the same volume. 
In computing these areas, cube surfaces 
were used. Spheres could have been used 
to show the relative area change with size. 
This curve gives striking evidence of the 


apt 


G. 4.—SMALL (No. 3) FOUNDRY COKE. 
Fic. 5.—No. 3 FOUNDRY AND NUT COKE. 


fact that surface area increases in direct 
proportion to the size decrease; in other 
words, a 2-in. coke has twice the surface 
area of a 4-in. coke. 
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The full effect of this factor cannot be 
appreciated, however, without going a 
step farther and considering what happens 
when a coke has a wide spread in size 
consist. A No. 3 foundry coke (4 to 3 in.) 
was loaded in an 8-cu. ft. box and its 
weight per cubic foot was determined. 
Nut-sized coke (114 to 34 in.) was added 
to this coke to its saturation point. The 
weight per cubic foot of the mixture was 
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again determined. These tests are listed 
in Table 1. 

In these tests, the void space decreased 
6.5 per cent (from 54.8 to 48.3 per cent), 
the weight per cubic foot increased 3.8 lb., 
or 14.5 per cent, the average particle size 
decreased 0.19 in. and the surface area 
correspondingly increased 23 per cent 
(Table 1). While this was a prepared 
sample, the same effect takes place with 
a weakly structured coke, as it breaks in 
handling, and often to a greater extent 
than the example used. 

Figs. 2, 3, 4 and 5 show the average size 
consist and appearances of foundry sizes 


_ No. 1, No. 2 and No. 3 and the mixture of 


_No. 3 with nut. They give a general idea of 
the sizes of voids encountered in coke rang- 
ing from 3 to 6 in. when the pieces in each 

size range are fairly uniform. 

_ The value of this relationship lies in the 
interpretation of its effect. It can be stated 


that, other conditions remaining the same, 
the rate of combustion of any coke is a 


function of the type of carbon present and 
of the particle size. In other words, a 
coke of 2-in. average size with a residual 
volatile matter content of 2.0 per cent will 


- burn faster than a 2-in. coke with only 


also the rate of decomposition of the CO: - 


Z 


_ 1.0 per cent volatile matter content. This 
_ is true because the influence of the addi- 
tional 1.0 per cent volatile matter lowers 


the ignition point of the coke appreciably, 
and the oxygen surrounding the coke par- 


~ ticle is more rapidly consumed in the reac- 


tion with the carbon. With this same coke 


is faster—which means that after the O2 
is consumed or depleted the CO: decom- 
position can proceed at a faster rate; tem- 


_ peratures, of course, permitting. The effect of 


a coke of this nature is to narrow the zone of 
maximum temperature in the bed where Oz 
exists, and the secondary reaction of COz 
decomposition tends to produce lower 
temperatures over a broader zone above 
the combustion area. 

This same effect of change of rate or 
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reaction is also a function of coke size, 
because of the differences in exposed coke 
area. The writer firmly believes that this 
effect of size is more important than the 
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Fic. 6.—COAL CHARGE IN OVEN. 
Adapted from Morgan. 


change in character of the carbon (encoun- 
tered in normal carbonizing practice) in 
the influence on over-all temperatures and 
reaction rates in the combustion of coke, 
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and, further, that a coke with a wide 
range of sizes cannot be controlled in its 
combustion rate nor give the same thermal 
efficiency as a similar coke uniformly sized. 


Fic. 7.—Box TESTS IN EMPTY OVEN.‘ 


Brown! undoubtedly had this in mind when 
he suggested an increase in the volatile 
matter content of coke to I.o or 1.5 per 
cent, which we know will produce a larger 
coke with fewer fissures. 

The control of the volatile matter con- 
tent of coke is entirely in the hands of the 
plant operator because it is a direct func- 
tion of carbonizing temperature. Some 
temperature variables in different sections 
of the oven are inherent, because of oven 


design and operating features, and these © 


will account, in part, for some swings in 
volatile matter content, but the greater 
portion. of the coke can be held within 
certain practical low limits. 

The wide range of sizes produced and 
their consequent extreme diversity of 
industrial use has demonstrated time and 
again the effect of size upon combustion 
rate. This reference to combustion rate 


References are at the end of the paper. 
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eel 


must not be confused with the inherent 
combustion characteristics due to type of 
carbon. The meaning here is the rate of 
combustion of coke under actual operating 


conditions. Invariably when the size of ; 

coke is decreased, either by design or by — 

accident, the maximum temperature zone 

is shortened and lowered closer to the — 
point of oxygen entry into the bed. 

Another coincident effect of smaller 
coke is the decrease in permeability of the 
bed. In the instance of smaller coke, the 
bed density increases, and under the same 
pressure conditions a greater inequality 
of distribution of gases occurs, causing 
local increases of flow, particularly around 
the periphery. This situation is materially 
aggravated when the coke contains a wide 
range of particle sizes and the void epee 
therefore is reduced. 

The conditions enumerated above are 
fundamental and influence the thermal 
or metallurgical conditions, regardless 
of the process burning the coke. An atmos- 
phere of either high CO or CO, can be 
created with a good sound coke, properly 
sized, by regulating the quantity of air 
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used. This statement, of course, opposes 
the belief that a “‘fast-burning”’ coke is a 
requisite for blast-furnace operation, which 
usually connotes free burning character- 
istics due to a high residual volatile matter 
content. The latter is neither necessary nor 
advisable, for greater thermal efficiency 
can be accomplished by the use of a firm, 
regularly sized coke favoring proper gas 
permeability and with uniform surface 
exposure. 


OPERATING Factors AFFECTING COKE 
STRUCTURE 


Operating factors affecting coke struc- 
ture are generally well known but unfor- 
tunately many operators disregard their 
influence or, because of certain conditions 
beyond their control, are unable to control 
their individual effects. A brief review of 
these factors, however, is necessary in this 
discussion because their influence on coke 
structure can produce the same objection- 
able results as different coal characteristics. 


Control in Mixing Two or More Coals 


Control in mixing two or more coals is 
usually accomplished by means of volume 
mixing; that is, gate settings above a belt 
regulate a predetermined quantity of each 
coal. In recent years this procedure has 
been modified by the use of weight meters, 
with which coals are mixed by weight, and 
which appreciably improves the control 
of this factor. In our own experience with 
volume mixing, formerly we had a vari- 
ation of +8 per cent from the desired 
quantities, while now, with weight-mixing 
the variations are approximately +2 
per cent, 


Fineness of Grinding 


In grinding, there are several possible 
effects. First, the degree of fineness influ- 
ences the coke structure because of the 
melting or fusing properties of the indi- 
vidual coals and the different materials in 
the same coal. Fine grinding favors a 
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more intimate mixture, but at the same 


time may result in low bulk density and 
thereby decrease oven capacity. When oven 
capacity is the main objective, and coarse 
grinding is resorted to, with consequent 
improper blending, the quality of the 


coke must suffer. On the other hand, with — 
coarse grinding the ash particles are larger — 


and tend to increase the number of fissures. 
Coarse grinding also leads to an uneven 
cell structure of the coke because large 
particles of the individual coals are allowed 
to carbonize without benefit of mixing. 
Under any condition, the fineness selected 
should be held constant. 


Bulk Density 


Although bulk density is related to the 
degree of fineness of the coal, it is also 
affected by the moisture content. Many 
times the moisture content of the coal is 
beyond the operator’s control because of 
weather conditions, or the water content 
of the coal itself. Whenever possible, how- 
ever, this factor should be controlled, so 
that with a standardized degree of fineness 
the bulk density can be held within prac- 
tical limits. A recent report? on this factor 
is suggested for study. 

When the bulk density of the coal as 
charged fluctuates, a variable heating rate 
can be introduced in the carbonization 
process. The wall temperatures are adjust- 
ed to a certain heat input and if the bulk 
density is higher or less than that normally 
used, the wall temperature is either insuffi- 
cient or too high for correct carbonization. 
Undercarbonized coke is produced in the 
first instance and overcarbonized coke in 
the second instance. 

When this occurs, it aggravates a con- 
dition prevalent in all ovens; namely, 
different bulk densities because of location 
and charging characteristics. 


Coking Time or Temperature 


In considering coke quality, the tempera- 
ture of carbonization is either just as 
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7, Fic. 9.—EFFECT OF COALS ON COKE STRUCTURE. 
a. Foundry coke (foundry time). 6. Domestic coke (foundry time). 


" 


a 
Fic. 10.—EFFECT OF COKING TIME ON COKE STRUCTURE. 
a. Domestic coke (foundry time). 5. Domestic coke (domestic time). 
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important as the coal characteristics, or 
frequently more important. It is not 
always so regarded but the evidence is 
irrefutable. 
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oven at a 30-hr. coking time schedule is 
carbonizing at an average rate of 0.3 in. 


hope enema 


per hour for half the oven, or 0.6 in. per — 


hour for the full oven. This means that in 
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Fic. 11— COKE SAMPLES FROM TEST OVEN. 


In support of this statement, let us 
quickly review the salient features of the 
carbonization process. Fig. 6 is an adapted 
sketch? of the progress of carbonization in 
an oven. With heat applied uniformly to 
both sides, the heating plane advances 
from the side walls on both sides toward 
the center of the oven. This results in 
parallel planes, first of coke at both walls, 
then two thin layers of coal in the plastic 
state, and between these a common layer 
of coal. Fig. 7 illustrates the actual con- 
dition as shown by box tests.4 In this 
instance, however, the plastic layer is 
not visible. Of particular interest is the 
wedge-shaped growth of the coke at the 
ends. This, of course, reflects the mobility 
of heat transfer and the necessity for uni- 
formity of temperature direction, and 
magnitude. 

.The rate of heat progression through a 
coal charge is a direct function of the wall 
temperature or coking time. For instance, 
an 18-in. oven at a 15-hr. coking time 
schedule carbonizes at an average rate of 
0.6 in. per hour for half the oven, or 1.2 in. 
per hour for the full oven, while tre same 


the second instance the rate is only half 
as fast and the temperature differentials 
are considerably lower. Invariably, the 
longer the time on the same mix, the larger, 
blockier and stronger is the coke. 

Fig. 8 is a time-temperature curve of an 
actual oven on a coking time of 27 hr. The 
couples were mounted as shown approxi- 
mately 4 ft. into the charge and 5 ft. from 
the bottom of the oven. The distance 
from the wall was measured after the test 
from the couple locations in the coke. The 
flue temperature was measured directly 
opposite the couples in the charge. The 
relative heating rates at the different points 
in the oven are immediately apparent from 
the slope of the curves. The starting point 
of carbonization at each location is also 
visible. Of particular interest is the fact 
that all locations show coincident tem- 
perature conditions immediately prior to 
discharging, and that this coke temperature 
in this particular case is within 150°F. of 
the average flue temperature. Ryan’s® 
work, although done about 20 years ago, 
is still recommended for study. 
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The effect of rate of heating is clearly 
shown in the next two illustrations (Figs. 
9 and ro) with the supporting data listed 
in Table 2. 
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transversely. The domestic blend at the 
same coking time (6) by contrast with (a) 
reflects the influence of the coal mix on 
the structure. A greater portion of this 
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Fic. 12.—BLENDING COALS, EXPANSION AND CONTRACTION. 
Bethlehem oven tests on mixtures of high-volatile Eagle with low-volatile Pocahontas No. 3. 


In Fig. 10 are shown two cokes made 


from the same coal mix but at different 


coking times; namely, 27 hr. and 1g hr. 
The range of volatile matter in the cokes 
is approximately 0.6 to 0.9 per cent, so 
that this factor is of no particular moment. 
In Fig. 9a the foundry coke clearly reflects 


coke was not full length, reflecting a general 
weakening of the whole structure. The cut 
section shows the internal fissure develop- 
ment. The rough external appearance and 
generally smaller piece is evidence of the 
deeper and greater development of fissures 
originating at the hot or cauliflower surface. 


TABLE 2.—R/O Coke Size as Produced 


Coal, Per Cent 
Mix 
He Vimeo eu Welie le ee 
Woyreetobaya pen a memOomoocone 50 50 23.0 27, 
By Domestic. .......0.05+50% 70 30 20.5 27 
MD OMIES TICE ovale ransvtie sien 70 30 26.5 I9 


Cok- 


Screen Analysis, Per Cent on 


Aver- 

Size 

6In. | sIn. | 4In. | 3In.] 2In.] 11 ee 
28 51 64 79 QI 4.67 
I7 4I 67 89 3.70 

4 28 69 90 2.43 
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the benefits of long coking time (low flue 
temperatures) and good coal blending. 
The pieces are large, blocky, square frac- 
tured, thoroughly carbonized throughout 
the entire length and with a minimum of 
internal fissures, both longitudinally and 


Fig. toa shows the same coke as in 
Fig. 9b. Fig. 106 is the same coal mixture 
as in roa, but at a coking time of 19 hr. 
The contrast is startling. Full-length 
pieces have almost completely disappeared, 
the coke is very irregular, heavy internal 
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fissures have broken the coke into small 
pieces throughout and the larger pieces 
left give evidence of an inability to with- 
stand handling without suffering heavy 
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of the many technical and economic factors 
involved. In considering its technical as- 
pects, we must, for the moment, disregard 
the economic factors, for a broad scientific 
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Fic. 13.—EFFECT OF HEATING ON EXPANSION, 


degradation. This shows clearly the influ- 
ence of coking time or temperature on 
coke structure. A change of coals would 
have little effect in counteracting this 
influence. 

Table 2 shows that the size character- 
istics closely follow the indicated strength 
or weakness as revealed by the illustration. 

An additional test using the 50-50 mix 
at the 19-hr. time would have been desir- 
able to complete the cross study, but the 
higher temperatures at this faster time 
would have caused disastrous expansion, 
so it was omitted. 

The influence of the factors mentioned 
must be kept in mind if we are to discover 
the full benefits of any coal or any blend 
of coals. We dare not disregard or discount 
the influence of temperature, because when 
we do we impose a condition of operation 
that constantly overshadows and nullifies 
the work of identifying good and bad coals. 
Moreover, it will considerably delay an 
improvement in coke quality. 


SELECTION OF COALS 


The ultimate selection of coal for car- 
bonization is a complex problem because 


investigation must embrace all coals, 
regardless of location, if we ever hope 
to discover a fundamental pattern of 
performance. 

It is true, of course, that most individual 
studies are and will be confined to those 
coals that are geographically and eco- 
nomically available. The work of the 
Bureau of Mines is an extremely valuable 
adjunct to that done by individual investi- 
gators in different sections of the country, 
for it embraces all coals on a national scale. 
In this manner we who of necessity must 
confine our studies to particular localities 
can keep informed on the identification of 
all types of coal. Often this broad-scale 
work furnishes the missing link to our own 
problems, and certainly all of the work 
must continue to be correlated because of 
the natural complexity of coal itself. 

Of increasing importance too, is the 
necessity for a coordinated effort of the 
coke user, the producer and the mine 
operator because of the connecting and 
influencing chain of events. 

A paper by W. T. Brown‘ is an excellent 
example of the study directed along the 
necessary lines. The information it contains 
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is invaluable and should convince even the 
most skeptical of the breadth of vision 
needed to accomplish the purpose of better 
coke through an increased knowledge of 
the coals used. 


263 


not do, is to evaluate these factors and as- 
sign comparable relationships and indexes. 

The apparatus we use for measuring ex- 
pansion or contraction of coal is a modified 
Bethlehem tester in which two samples can 
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Fic. 14.—VARIATION OF EXPANSION (AND CONTRACTION) WITH DENSITY OF CHARGE.® 
Solid lines represent actual determined expansion (or contraction); dotted lines represent cal- 


culated results correcting to a standard density.® 


Since it is true that most plant operators 
are familiar with the general specifications 
of the coals used, the discussion in the 
following pages will be confined to funda- 
mentals of coking properties now being 
revealed or indicated by means of new 
methods of tests. 

Although the methods of test are com- 
paratively new, the factors measured are 
as old as the industry and have always 
been known to some extent. For instance, 
the industry has been well aware of ex- 
panding coals and their effect upon the 
oven structure. Few operators have been 
able to avoid the experience of ‘‘stickers.” 
Coke itself has always given evidence of the 
fact that the coal had to soften in order to 
form the cellular structure associated with 
it, and effect of oxidation on certain coals 
was always kept in mind when storage in 
any quantity for any length of time was 
necessary. What the new tests do, how- 
ever, which the general knowledge could 


be run simultaneously. In keeping with the 
work of others employing similar equip- 
ment, we have found that each coal or coal] 
mix has to be subjected to test, for the 
results cannot be forecast from any general 
knowledge. It is true that there is a general 
relationship of high-volatile A-coals con- 
tracting and the low-volatile coals expand- 
ing, but the degree of either cannot be 
determined except by actual test. Fig. 11 
illustrates this point. The black line repre- 
sents the original coal level. Eagle A with 
30.5 per cent volatile matter, shows a con- 
traction of 28 per cent, while Eagle B, 
with 32.6 per cent volatile matter shows a 
contraction of only 13 per cent. In actual 
practice Eagle B caused “stickers” with a 
conventional mix of Pocahontas No. 3. 
The Pocahontas No. 3, with 16.5 per cent 
volatile matter, showed an expansion of 
10 per cent. When Eagle A and the Poca- 
hontas No. 3 were blended so-so the 
mix showed a contraction of 4 per cent. 
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It is of interest to note that the two coals 
do not blend in an arithmetical average of 
their expansion or contraction and this has 
been found to be true generally. 
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ner: aI 


ties of mixing can then be determined. — 


Arbitrary selection of proportions must be 
abandoned. 


Fig. 12 illustrates a characteristic curve 
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MILLIVOLTS 
FIG. 15.—GIESELER FLUIDITY CURVES, BLENDING COALS. 


An important point shown by these tests 
is the appreciable difference in contraction 
of the two high-volatile Eagle coals. Most 
investigators have placed the blame for 
damage to oven walls on the low-volatile 
coals, but this is unfair, for it absolves the 
high-volatile coals of any responsibility. 
‘All coals must be measured and the proper- 


yielding vital information on the blending 
of two coals. The coals used in this instance 
were high-volatile Eagle A and a Poca- 
hontas No. 3. This curve again shows that 
the expansion or contraction is not an 
average of the individual coals. 

These tests, of course, are empirical and 


because of this they must be conducted 
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under closely regulated and defined con- 
ditions. At this stage of their development, 
too, they must be interpreted in light of 
their correlation with actual plant practice; 
that is, in most instances, data from one 
plant cannot be applied readily to oper- 
ation at another plant. This does not 
detract from their value, but simply empha- 
sizes the necessity for a cautious approach 
or interpretation of their meaning. 

To illustrate this point, Fig. 13’ shows 
the effect of temperature upon the expan- 
sion properties of two coals, and here again 
there is a striking contrast. The Kit- 
tanning shows a precipitous increase of 
expansion with increase in temperature. 

_ This characteristic is not unusual and indi- 
~ cates the necessity for determining this 
factor at the temperature levels actually 
- used in the particular operation. This factor 
also is of particular moment in connection 
with production of blast-furnace coke 
where fast time and high flue temperatures 
are generally employed. Reference was 
made to this factor in connection with 
Figs. 9 and 1o. The Beckley, on the other 
hand, while showing a measurable increase 
in expansion with an increase in heating 
rate, shows considerably less than that 
exhibited by the Kittanning. We have 
found this narrow range with high-volatile 
coals in their contracting characteristics. 
____ Fig. 147 shows the effect of bulk density 
- on expansion and contraction. Coal XP6 
' (Upper Kittanning unwashed) shows a 
_ definite and appreciable increase in ex- 
pansion with an increase in bulk density. 
Coal 52 (Pittsburgh bed) shows a de- 
creasing contraction with an increase in 
bulk density. The direction of effect in each 
_ instance correlates with actual plant prac- 
tice, for with certain coals it is necessary 
to lighten the bulk density by the addition 
of a greater quantity of water than nor- 
mally applied in order to prevent “stick- 
ers.” This factor must be given careful 
consideration before following the practice 
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of increasing bulk density in order to 
increase coke yield. 

While this test procedure sheds con- 
siderable light on the mechanism of ex- 
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Fic. 16.—EFFECT OF COALS ON APPARENT 


SPECIFIC GRAVITY OF COKE.!° 


pansion or contraction of coals, it is too 
insensitive to apply to the factor of fluidity. 
For the determination of this character- 
istic we employ the Gieseler apparatus 
slightly modified from its original design. 
This apparatus is described in the litera- 
ture.29 This instrument measures the 
viscosity of a coal during the temperature 
period when it is plastic. It is of consider- 
able help in interpreting the behavior of 
different coals. Fig. 15 illustrates one 
application. Here is shown the change in 
fluidity of a two-coal mix when the pro- 
portions of high-volatile and low-volatile 
coals are varied. The general characteristic 
of high-volatile A coals is to be very fluid 
and Jow-volatile coals are very viscous. These 
curves clearly show the change in fluidity 
that occurs when coals of different charac- 
teristics are blended. It shows convincingly 
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also the necessity for such studies if we 
are to understand the mechanism of coal 
carbonization. . 

In this instrument, highly fluid coals 


such as high-volatile A froth above the 
stirrer, permitting an abnormally high rate 
of rotation. Such speeds are not relative to 
coals not having this characteristic, there- 
fore the data are not comparable. For this 
reason we have found it inadvisable to 
exceed 60 per cent of high-volatile coals 
(of this class) in this test procedure. 

A very interesting effect upon the coke 
of blending different coals is shown by 
Doherty” (Fig. 16)—the change in specific 
gravity of the coke with various propor- 
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tions of high-volatile and low-volatile coals. 
Fig. 16 shows also the difference in charac- 
teristics of high-volatile coals themselves 
in this respect. This could have been con- 
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tinued to include different low-volatile 
coals that also show a variation of this 
factor. 

With reference to the operation factors 
that affect coke structure, the value of the 
measurements of some of these charac- 
teristics must be apparent. The pattern of 


relationship of these factors is sufficiently » 


defined to warrant greater application for 
study in order not only to discover wherein 
these factors are generally applicable but 
also to discover when they deviate and why. 
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That these principles of behavior have a 
very practical application is shown in the 
methods the by-product coke industry has 
used from time to time to overcome some 


in this instance is reflected in the Gieseler 
data, in which no definite fluid tempera- 
tures were reached. 

A number of years ago we stocked several 
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Fic. 18.—MINE SAMPLES OF LOW-VOLATILE COAL. 
a. Pure coal section. b. Bone section. 


of the differences observed in coal. An 
interesting case in point is the use of addi- 
tional water to lighten bulk density, and 
another is in connection with oxidized 
coals. Most plant operators have had the 
sad experience of producing some sorry 
looking coke by the use of old-stock coal 
and undoubtedly this same coke was suffi- 
ciently inferior to cause poor blast-furnace 
operation. 

Schmidt’s!2 work on the oxidizability 
of coals is recommended for study, for here 
again is a measurement of a factor impeding 
progress and periodically causing worry. 

The principal published work on this 
factor is that by the United States Bureau 
of Mines and its work can best be quoted 
in this regard. A recent publication’ 
states: “Oxidation of coal normally affects 
the yields and properties of most carboni- 
zation products, but coals differ greatly in 
the degree of oxidation necessary to pro- 
duce significant effects. Decrease in the 
yield of-tar is a sensitive index of the extent 
of oxidation.” An example is given in 
Table 3. 

TABLE 3.—Oxidation of Thick Freeport Coal 


Carbonized at 800°C. $i 
: ~: YIEED Tar, 


DEGREE OF OXIDATION GAL PER TON 
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The effect upon the coke is startling, as 
shown in Fig. 17. The reduction in fluidity 


coals and recovered some each month, 
blending them with each other and with 
opposite fresh coals to measure the effect 
of oxidation upon them. A low-volatile coal 
showed complete loss of fluidity in three 
months, with a very adverse effect upon 
the coke, and the high-volatile coal showed 
no detectable effect in nine months. The 
greater sensitivity of the low-volatile coals 
to oxidation has been confirmed several 
times since these tests and bears out the 
general findings of the Bureau of Mines. 
This work is extremely important and it is 
unfortunate that it has been so long 
neglected. 

Here again is a practical application of a 
knowledge of these principles. For many 
operators know and use the practice of 
higher temperatures when encountering 
badly oxidized coal that recovers some 
fluidity lost to oxidation. This, of course, 
cannot be employed universally, for some 
coals just will not respond. It has a limited 
application also when the ovens are al- 
ready operating at maximum temperatures. 
The point of interest, however, is the fact 
that it does fit the pattern of identification 
of these characteristics with actual plant 
practice. 


Inherent Variables in Coal 


~The mechanical cleaning and sizing of 
coal at the mines has progressed noticeably 
the last few years, but these efforts in 


268 


general are directed to needs quite different 
from the consideration of coking properties. 
It is true that in many instances these 
improvements have produced better coal 


SELECTION OF COAL FOR CARBONIZATION 


recovery and it is essential to the accom- 
plishment of our objective that corrective 
measures be initiated at that point. An 
example of some of the findings in this 


Fic. 19.— MINE SAMPLES OF LOW-VOLATILE COAL. 
a. Pure coal oxidized. 6. Pure coal unoxidized. 


for coke, but the immediate factor of 
distinguishing and isolating carbonizing 
differences in coal has not been a major 
objective. This is not the fault of the coal 
operators; rather, the blame rests with the 
by-product coke industry for not acquaint- 
ing them with the information they need 
in order to help. 

As the identification progressed of the 
critical factors in carbonization of coal, 
the need for extending the work directly 
into the mines became increasingly greater. 
This applies not only to determination of 
the characteristics of the coal as it exists 
in nature but also to the problem of mining 
preparation. . 

Brown has discussed some of these 
factors and Doherty has presented an 
excellent review of the subject from the 
coal producers’ standpoint. Considerably 
more work, however, in this aspect of the 
problem is needed, because many of the 
variables mentioned and discussed are the 
result of conditions at this stage of coal 


respect from our Eagle mine are shown in 
Table 4. The mine was sampled in all its 


TABLE 4.—Findings at Eagle Mine 


Volatile | Ash, Expansion (+) or 


Contraction (—) 
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2 Samples 1, 2. 3, 4, 5, 19, 9, 10 are full channels; 
sample 16, upper bench (20 in.) of sample 9; sample 
23, second bench (11 in.) of sample 10. 
principal working areas; particularly at the 
different vein thicknesses. 

It is interesting to note the uniformity 
in all the full channel samples in volatile 
matter, ash and percentage of contraction. 
The single exception is the contraction of 
sample No. 10, which seemed to be an 
isolated condition. This uniformity does 
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not have to exist, nor can it be con- 
sidered the general experience. The indi- 
vidual bench samples showed no such 
uniformity and the section thickness of 
these benches varied appreciably with the 
total vein thickness. Most of the various 
benches showed percentage contractions 
varying from minus 19 to minus 36, which 
is of considerable moment. The two bench 
samples, No. 16 and No. 23, gave actual 
expansions of plus 11 and plus 8, respec- 
tively, and this characteristic is extremely 
important. This deviation of contracting 
tendencies from the normal behavior of 
coals of this class can be the cause of 
serious difficulty in the manner that was 
mentioned earlier. It is for this reason, too, 
that the full responsibility for oven-wall 
damage should not arbitrarily be assigned 
to the low-volatile coals. 

It is now evident that volatile matter 
content of coal is not a reliable guide or 
index of its expanding or contracting 
properties, and this fact alone should con- 
clusively recommend other test procedures 
for better assessment of characteristics. 

Another survey made in connection with 
a Pocahontas mine is shown, in part, in 
Table 5. These samples were taken in 


TABLE 5.—Survey on Pocahontas Coal 


Layer I Layer II 
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different working sections of the mine and 
at widely scattered points. Layer I is the 
pure coal; bottom benches constituting 
approximately 65 per cent of the total bed. 
Layer II is the upper or bone benches, 
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containing a thin layer of coal that was 
left in the samples. Samples 1 and 2 were 
somewhat purer than the others and the 
differences are noticeably greater. The 
general difference between the upper and 
lower benches is striking, of course, and yet 
this is what must be expected. 

A few of the samples (coked) from our 
test oven are shown in Fig. 18. Those on 
the left are from the pure coal, all showing 
expansion; those on the right are from the 
bone benches, all showing contraction. 
Several of the samples showed appreciable 
oxidation (Fig. 19). The good coal (right) 
shows a smooth, normal, well developed 
cauliflower structure, while the oxidized 
coal (left) shows the mealy, pebbly sur- 
face usually associated with coal of this 
character. 

It has been fairly well established that 
coal in the mines often shows considerable 
variation in ash and sulphur, and a recent 
paper by Toenges and others!! is a good 
example of such identification. It is ex- 
tremely encouraging to learn that attempts 
are being made to overcome some of these 
variables in coal by intelligent blending 
preparation right at their source. 

Such studies as those referred to in the 
preceding pages must be incorporated in 
the identification of the carbonizing char- 
acteristics of coal, for by their isolation 
at the mine we can materially aid our own 
work at the ovens in blending and other 
corrective measures. Without their identifi- 
cation beforehand, we can only continue 
blindly trying to correct against variables 
that constantly change in magnitude. 


CONCLUSION 


It is a difficult task to discuss intelligibly 
such a complex subject so briefly and in 
this paper an attempt has been made to 
high-light the factors we have found to 
exert the most significant influences on 
coke structure. We have discovered no 
quick or simple means for the certain 
identification of good or bad coals. As with 
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all operators, we lean heavily on our ac- 
quired experience initially and proceeding 
from there we laboriously conduct these 
identifying tests. We are not so fortunate 
as always to find the answers we seek, but 
whatever the results obtained, we feel some 
contribution has been made. 

In spite of the many disappointments 
and the blind avenues of attack, we are 
encouraged to believe that a concerted 
effort by the coking industry along the 
lines indicated will go a long way to clear 
the haze from this problem. 

The need for a greater effort by all 
plants is immediate and pressing. We are 
fully conscious of the depletion of supplies 
of the better coking coals, occurring at a 
time too when an improvement in product 
is constantly demanded because of more 
rigid specifications imposed in the con- 
suming industries. The answer lies, of 
course, in intelligent coal selection and 
blending coincident with an adjustment of 
operating conditions that will preserve the 
good features in those coals. 
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A Carbonization Pressure Gauge 


By M. A. Mayers,* Junior MemBer A.I.M.E. ann J. A. THompson* 


IN recent years, the problem of damage 
to coke-oven walls by expanding coal 
charges undergoing carbonization has en- 
gaged great attention on the part of 
research workers in this field, and has led 
to the development of many devices for 
estimating these pressures.1—!4 Only in 
Russell’s method" and in the Koppers 
ovens’ are conditions quite similar to those 
in commercial ovens. Tests even in these 
ovens are empirical because no information 
has been published to permit an evaluation 
of “scale effects.” Owing to the relatively 
large wall area in these test ovens, the 
average wall pressure determined may be 
lower than that existing in localized areas. 
This factor may be compensated for in 
part by the testing of coal charged into the 
test oven at a bulk density that is as high 
as the highest that is believed to exist in 
commercial ovens. 

Both of these lacks might be filled by the 
development of an adequate gauge for the 
direct measurement of wall pressure exerted 
by the charge in commercial coke ovens in 
normal operation. Previous attempts to 
elaborate such instruments’!> have re- 
sulted in units which, because they had 
to be water-cooled, probably produced 
changes in the conditions of carbonization, 
and which had to be removed from the 
oven before carbonization was complete, 
to avoid their destruction. Late in 1941 
the Coal Research Laboratory undertook 
to develop such a gauge, in which gas 
pressure was balanced against the charge 


Manuscript received at the office of the 
Institute Nov. 18, 1942. Issued as T.P. 1631, 
September 1943. ; ; 

* Coal Research Laboratory, Carnegie Insti- 
tute of Technology, Pittsburgh, Pennsylvania. 

1 References are at the end of the paper. 
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pressure and which thus would not require 
water cooling, on a suggestion made in 
1937 by one of the present authors and 
William B. Warren, a former member 
of the Laboratory staff. The gauge heads 
themselves were to be simple and cheap 
enough so that they might be discarded 
after each run if seriously damaged. This 
would permit them to be left in place 
throughout. the carbonizing period, when 
they could be pushed out with the coke. 
The basis of the design, of which the 
latest exemplification is shown in Fig. 1, 
was that as the internal gas pressure within 
a flexible metal envelope was increased, the 
flexible wall would move away from a stop 
when the gas pressure just overbalanced 
the charge pressure. If the stop were an 
insulated electrical contact, the point of 
balance could be indicated by the breaking - 
of an electric circuit. It was anticipated 
that, while the instrument must operate at. 
high temperature, the presence of a 
strongly reducing atmosphere throughout 
the carbonizing period would so reduce the 
danger of scaling that mild steel could be 
used for the gauge. This expectation has 
been justified. Danger of attack on silica 
oven walls by the steel gauge body can be 
eliminated by cementing asbestos paper 
or an alundum or silica plate to the back 
of the gauge body. 
The gauge head itself has a relatively 
heavy mild-steel body, A, into which . 
standard 14-in. pipe B is screwed to 
conduct gas and electrical leads. The body 
is closed by a single bellows C, consisting 
of two annuli of o.or1-in. (0.28-mm.) 
cold-rolled shim-steel spot-welded together 
at their outside edges. The lower one is 
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spot-welded to the body, while the upper 
one is spot-welded to a }{¢-in. (1.6-mm.) 
mild-steel plate D. The latter has a central 
spot smoothed by grinding for elec- 
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tures. To clean the connecting pipe, it was 
heated with a welding torch to burn out 
the inside varnish layer, and then pickled 
in a to per cent sulphuric acid solution. 


Be 


Fic. 1.—CARBONIZATION-PRESSURE GAUGE HEAD. : ; 
A, steel body; B, pipe connection; C, bellows; D, closure plate; E, skirt; F, stainless-steel 


contact button; G, Lavite insulator. 


trical contact, and carries three }¥¢-in. 
(1.59-mm.) diameter pins to hold the 
outside skirt E, made of }4-in. (3.2-mm.) 
plate and a 72-in. (22.2-mm.) length of 
334-in. o.d. tubing. The electric circuit 
consists of a Nichrome V-wire led into the 
head through a four-hole porcelain insulat- 
ing tube, which also carries a Chromel- 
Alumel thermocouple; the stainless-steel 


contact button F, mounted in the central 


insulator G, and the body and connecting 
pipe of the gauge. Stainless steel was used 
for the contact button, since it was found 
that it took on just enough of a coating 
‘in the tank nitrogen atmosphere within 
the gauge to prevent welding to the 
closure plate without markedly increasing 
the electrical resistance. 

The central insulators were made of 
_ grade A Lavite (American Lava Corpora- 
tion, Chattanooga, Tenn.) machined and 
then burned out at 1000°C. for 3 hr. In 
order to maintain high electrical resistance 
between the contact and body, the base 
of the insulator was relieved except around 
the bolt holes. It was essential that the 
gauge head and connecting pipe exposed to 
high temperature be scrupulously clean 
and free of oil before final assembly, since 
organic material was found to distill into 
and carbonize in the pores of the insulator 
or porcelain protecting tube, shorting the 
contact-indicating circuit at high tempera- 


Pipe connections were lubricated with flake 
graphite plasticized with a very small 
amount of light lubricating oil instead of 
with pipe compound. 

When these gauges were tested in the 
calibrating runs described below, it was 
found that their indications were erratic 
during the first hour or so of their lives. 
This erratic behavior gradually died out 
and did not reappear when the gauges were 
cooled down and reheated between calibrat- 
ing runs, suggesting the existence of 
residual strains in the diaphragms after 
welding. When these were eliminated by 
annealing, the deviations disappeared also. 
The annealing was accomplished by heating 
the gauges to 10o00° for 2 hr. under neg- 
ligible load in a box containing a pack- 
carburizing material through which a slow 
stream of nitrogen was passed. During the 
annealing the gauges were kept approxi- 
mately balanced by connecting them to a 
manifold supplied with tank nitrogen at 
slightly above atmospheric pressure. 

The balancing gas pressure was supplied 
to the gauge from standard compressed- 
nitrogen tanks through a standard reducing 
valve, and a ballast chamber and pressure- 
control relay shown in Figs. 2 and 3. It 
was read on a mercury manometer con- 
nected to the ballast chamber. The relay 
actuates a solenoid-operated valve, so 
that when the gas pressure within the 


s cnadeandimaasineetdaamtmemehdim nimi imeaiindiatialaitibe: 


6 via tent Withee ag GEE age Oo 


anata 


ne te 
a oe aes Oe a ee anemndhenetentatdamamiatie’ es - , 


M. A. MAYERS AND J. A. THOMPSON 273 


te GND 


: ao : : FO INSULATED 
ae : : CONTACT 


_F ic. 2.— BALLAST CHAMBER AND CONTROL RELAY CONNECTED TO GAUGE AND MERCURY MANOMETER. 
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Fic. 3.—WIRING DIAGRAM OF CONTROL RELAY. 
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gauge is greater than the external load 
applied by the coking charge, causing an 
open contact circuit, the solenoid-operated 
valve is open, so that the gas pressure 


Fic. 4.—LAYOUT OF CALIBRATING DEVICE. _ 
A, muffle furnace; B, scale beam; C, movable weights. 


in the system is reduced. When the gas 
pressure is less than the external load, so 
that the closure plate rests against the 
stainless-steel contact and the contact 
circuit is closed, current flows to the 
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fluctuation in gas pressure of less than 0.2 
in. of mercury column (5 mm. Hg) is 
sufficient. The speed of the cycle can be 
controlled by manipulation of the needle 


- a 


valves on the ballast chamber, and is 
usually arranged so that a single cycle 
occupies about 2 sec. under steady load 
conditions. : 
The gauges were calibrated in a muffle 
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Fic. 5.—RESULTS OF CALIBRATIONS. 


The dots are drawn at the average of the observed points with radii equal to the ' 


deviation associated with the observational precision. The arcs above and below each point have 
radii equal to the standard deviation associated with the reproducibility of the gauge heads and 


include the effect of varying temperature. 


solenoid to close the leakoff valve and the 
gas pressure is raised. Thus, the gauge 
cover is constantly moved back and forth 
between the open-circuit and closed-circuit 
positions; under operating conditions a 


furnace and were loaded by an improvised 
scale beam projecting into the muffle, with 
movable weights for applying the loading - 
force, as shown in Fig. 4. The loading scale ; 
was calibrated against a standard beam 
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balance set in the position occupied by the 
muffle furnace. Calculation indicated that 
the elongation of the scale beam when the 
muffle was operated at high temperature 
would introduce a negligible error. 
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Fic. 6.—ELEVATION OF STATIONARY HOT FACE 
OF MOVABLE-WALL OVEN. 
~ Point 1, location of upper gauge; point 2, 
location of lower gauge. 


_ It was found that the gauges had to be 
arefully protected against oxidizing atmos- 
pheres to prevent scaling of the bellows 
during calibration. The final practice was 
completely to enclose the gauges in short- 
metal boxes, closed except for a small 
opening in the top through which the load- 
ing pressure was applied. Each box was 
half filled with a pack-carburizing material; 
nitrogen was admitted to it in a slow 
stream. At high temperature a pale blue 
flame could be seen burning at the opening 
around the end of the loading beam. With 
this arrangement five calibrating runs 
were made on three different gauge heads, 
with the results shown in Fig. 5. A statis- 
tical analysis of these data showed that all 
gauges had the same calibration within 
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the limits of error; that the pressure at 
zero external load is 0.01 in. Hg; and that 
the slope of the line of Fig. 5 iso.71 + 0.002 
in. Hg per kilogram load. This is equivalent 
to 3.1 + 0.2 lb. per in. Hg in total load 


Fic. 7.—TEST SETUP IN MOVABLE-WALL OVEN. 
on the gauge cover; and if this load repre- 
sents a uniformly applied pressure, the 
external pressure is 0.31 + 0.02 lb. per 
sq. in. per in. Hg internal gas pressure. 
Repeated runs on the same gauge heads 
showed that the calibration was not sig- 
nificantly altered during an exposure of 
18 hr. to temperatures above 950°C. 

The calibrations described in the fore- 
going paragraphs indicated that these 
gauges were reliable enough to secure the 
desired information if they behaved in the 
same way in the coke oven as they did 
on the calibrating stand. In order to gain 
some operating experience with them under 
relatively controlled conditions, the Kop- 
pers Company, through the kindness of 
C. C. Russell, made its research depart- 
ment’s movable-wall expansion oven! 
available to test the gauges. Three gauges 
were prepared for testing in this oven; one 
was installed at point 1, Fig. 6, on the first 
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day’s trial, and two were installed at 
points x and 2 on the second day. The 
gauge at point 1 in the second day’s run 
developed a leak at the threaded pipe 


. ote 1-2 by a2 - 
Fic. 8.—POSITIONS OF GAUGE HEADS IN 
MOVABLE-WALL OVEN ON COMPLETION OF TESTS. 


connection, so that no observations were 
taken with it. The source of this trouble 
has been removed by tapping the pipe 
thread in the gauge body before counter- 
boring the body. Fig. 7 shows the pipe 
connections extending out of the leveling 
door during the second day’s trial. Fig. 8 
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shows the gauge heads in place against the 
oven wall after the coke had been carefully 


_raked away from them. 


In both runs in the movable-wall oven 
the same coal mix was used at the same 
nominal heating rate, although on the 
second day flue temperatures and rate of 
heating of the charge were slightly lower 
than on the first. Graphical logs of the 
pressure-gauge readings are shown in 
Figs. 9 and 10, with the curves for average 
expansion pressure obtained in the mov- 
able-wall oven, reproduced through the 
courtesy of C. C. Russell with the permis- 
sion of the Koppers Company. Other 
pertinent data of the two runs are included 
in Table r. ' 

It will be observed that the Carnegie 
Research Laboratory’s pressure gauges 
gave no indication of pressure until the 
temperature observed at the gauge rose 
above goo°C. Apparently this effect was 
due to plastic coal trapped between the 
body of the gauge and its protecting skirt. 
Until this coal was carbonized and had_ 
shrunk away from the skirt, the gauge was 
not free to function. Probably this could 
be avoided by enclosing the entire gauge 
head in asbestos paper before placing it 
in the oven. On the other hand, the delay 
in indication would be less serious in a 
commercial oven, since the oven wall 
probably rises to goo° faster than in the © 
experimental oven; moreover, high pres- 
sures are observed only relatively late in 
the coking cycle, so the early stages are not : 
of great interest. : 

Observations were made on the C.R.L. 
gauges every 2 min. after their indications — 
started, except for the first 35 min. of the — 
first run, when 5-min. readings were taken. — 
It is evident that the C.R.L. gauges showed ~ 
much greater detail than did the movable- — 
wall oven; that this detail is significant is — 
suggested by the fact that the same general — 
course was followed by the pressure in both ; 
runs. While equivalent points were reached : 
ro min. later in the second run, superposi- — 
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Fic. 9.—GRAPHICAL LOGS OF CARBONIZATION PRESSURES, RUN I. 
Upper part, movable-wall average pressure. 


Lower part, C.R.L. gauge pressure. 
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Fic. 10.—GRAPHICAL LOGS OF CARBONIZATION PRESSURES, RUN 2. 
Upper part, movable-wall average pressure. 
Lower part, C.R.L. gauge pressure. 
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tion of the curves of Figs. 9 and 10, allowing 
for this difference in time, shows fair 
general agreement except for the magnitude 
of the final peak pressure. 

The peak pressures recorded close to the 
end of the runs were quite different for the 
C.R.L. gauges, although the average 
pressures observed on the movable wall 
were in close agreement. It may also be 
noted that the C.R.L. gauge peaks occurred 
4 and 7 min. before the movable-wall 
peak in runs 1 and 2, respectively. Ex- 
pressed as a uniform pressure exerted on 
the full area of the gauge head, the C.R.L. 
gauge peaks were 4.75 lb. per sq. in., or 
2.82 times the movable-wall peak; and 
3-2 lb. per sq. in., or 1.96 times the movable- 
wall peak, in runs 1 and 2, respectively. The 
differences between the C.R.L. gauge peaks 
in the two runs may be associated with 
the difference in position of the gauges 
in the two runs, or it may have been caused 
by the slight difference in the heating 
rates of the runs; or partly by both of these 
factors. 

The differences between the peak indica- 
tions of the C.R.L. gauges and the movable- 
wall oven raise certain other questions. The 
higher peak pressure indicated by the 
C.R.L. gauges could be accounted for if 
these gauges balanced the load on an area 
greater than that of the gauges themselves. 
This might be true, because the rigidity 
_ of the coke near the hot wall is not negli- 
gible. The other possible explanation of the 
discrepancy allows for the observed differ- 
ence in time of occurrence of the peaks 
on the C.R.L. gauge and on the movable 
wall. Small portions of the oven charge 
might be heated at different enough rates, 
depending on varying factors of heat 
transfer to flue walls, heat transmission 
through flues, variations in bulk density, 
size consist, or segregation of the charge 
resulting in differences in rate of advance 
of the coking zone through the charge, so 
that the times at which maximum pressures 
would occur, as well as the magnitudes of 
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those maxima, might differ from point to 
point throughout the oven section. Thus, 
the movable wall would observe only the 


sum of all these effects; if the individual 


maxima were sufficiently localized and far 
enough out of phase, the peak average 
pressure might be expected only after all 
the individual peaks had occurred, or at 
the time of the latest ones, and would be 


lower than the peak pressure at any point. 


That this may be the mechanism of the 
development of destructive pressures in 
commercial ovens is supported by the 
known fact that damage from this source 


_ is likely to be localized. It suggests that 


devices indicating average pressures over 


relatively large areas, such as those now in - 


use, may be unreliable indicators of the 
maximum local pressures attained in oven 
practice, and that some of the difficulties 
in the correlation of the results of tests 
with such devices with one another and 
with commercial practice may be the result 
of that defect. : 


SUMMARY 


A progress report of a continuing investi- 
gation of the mechanism of carbonization 
of coal has been presented, describing a 
gauge prepared for the observation of the 
mechanical pressure against a point of the 
wall of a slot-type coke oven by the charge 
undergoing carbonization. 

It has been shown that the gauge head 


has a life at high temperatures considerably 


greater than the time of coking in com- 
mercial ovens, and that it maintains its 
calibration, which can be reproduced in 
different units within the required limits 
by taking suitable precautions in making 
them, throughout this life. 


Tests of units of this type have been 


made in. an experimental movable-wall 
oven. The pressures observed have been 
several times as great as the average 
pressures observed against the movable 
wall. This may be due to transmission of a 
load corresponding to an area greater 


than that of the gauge to the gauge head, 
because of the rigidity of the charge of 
coke, or it may be due to differences in the 
time of occurrence of the maximum pres- 
sures at different points in the wall, so 
that the movable-wall records an average 
peak only after most of the individual peaks 
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TABLE 1.—Tests in Movable-wall Oven 
Data Run No. 1 Run No. 2 
Bulk density of coal if ae} 52.0 
_ Coal mixture...... 80 per cent Eagle, 80 per cent Eagle, 
; 20 per cent Pocahontas 20 per cent Pocahontas 
Moisture, per cent. . 1.9 
Fineness, per cent: 
Through }3¢ in. 82.6 81.6 
n in., 
through 4 in. 15.6 LIS 
Time Temperatures Temperatures 
Pres- 
Coke Coke sure on 
al 
C.R.L. CELE. able 
Ee Min Gauge, eee Distance from Wall Lb Gauge, dese Distance from Wall |_ Wall, 
Dee a eg. e Lb. per 
C. : C. Sq. In 
Point | Point Point | Point 
° I 2 ° I 2 
° ° 2568 2576 0.20 
30 802 0.53 
I ° 834 884 | 678 | 36 698 820 577 33 0.67 
I 30 866 753 0.77 
2 0 806 920 | 44 787 886 | 813} 45 | 0.79 
2 30 916 784 0.81 
3 co) 934 959 832 86 823 OIL 8690 89 0.78 
3 30 969 | 847] 89 896 
4 ic} 2585 931 | 2577 931 904 0.74 
4 30 972 977 | 871 | 89 956 0.77 
78 ) 982 966 949 | 931 0.76 
5 30 993 998 | 8908 985 0.70 
6 ) 1004 987 | 2570 | 962 | 949 0.72 
6 5 
6 10 
6 15 0.89 
6 18 0.91 
6 20 
6 22 
6 23 oO. 79 
6 30 2577 
6 31 Peas 
6 32 I. 55 
Gieeo3 o05 
G kG | | oe 
6 1 1004 0.73 
palace 969 | 962 0.54 
ee Nee ee ee ee Ee ee eee ee 


have occurred, giving a low indication 
of the maximum localized pressures. 
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Sources of Pressure Occurring during Carbonization of Coal 


By Gienn C. Sotu* anp Cuartzes C. Russett,t Memprr A.I.M.E. 
(Pittsburgh Meeting, October 1943) 


A PRIMARY factor in the selection of coals 
for making coke at high temperatures is the 
amount of pressure the coal will exert upon 
the oven walls when carbonized in modern 


; _by-product ovens.'~* This factor has be- 
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come increasingly important in recent 
years because of demands for increased 
throughput and higher coke yields. As a 
result of the increasing necessity for assess- 
ing coals in regard to their carbonization 
_ pressures, more and more research work is 


being directed toward developing labora- 


tory-scale tests for predicting carboniza- 


- tion pressures and for showing how blends 
of coking coals may be modified to elimi- 


nate pressures liable to damage coke-oven 
walls. 

The specific reasons have never been 
defined as to why some blends of coking 
coals develop dangerous carbonization 
pressures and others do not, therefore 
specific procedures to eliminate dangerous 
pressures could not be prescribed. It is 
true that the major processes occurring 
during carbonization have been described 
-by many writers,* and there is a general 
agreement on the ideas of the changes that 
occur as coal is transformed into coke. 
However, there is little evidence relating 
the processes occurring during carboniza- 
tion to the pressure developed and the 
available evidence is very incomplete and 
often contradictory. This deficiency arises 
in part from the fact that the fundamental 


Manuscript received at the office of the 
Institute Sept. 10, 1943. : 
* Assistant Research Chemist, Koppers 
Company, Research Department, Kearny, Nis 
+ Chemical Engineer, Koppers Company, 
Research Department, Kearny, ‘ 
1 References are at the end of the paper. 


causes of pressure development have not 
been defined, at least from experimental 
data, and in turn this is the result of the 
lack of satisfactory testing equipment for 
studying the problem. 

Operating experience has shown several 
ways of reducing or eliminating dangerous 
pressures,® but probably none of these ways 
is applicable to all blends of coking coals, 
and such empirical methods often lead to 
production of inferior coke. They are trial- 
and-error methods, not designed to remedy 
specific causes of pressure development. 

The number of laboratory-scale testing 
devices designed to estimate the carboniza- 
tion pressures that result when coals are 
carbonized in commercial ovens is probably 
well over a hundred.® Few of these instru- 
ments have remained in use for any length 
of time, either because the predictions 
were not sufficiently accurate or, more 
often, because too many exceptions were 
found. Often testing devices are operated 
without any attempt at duplication of 
conditions in commercial ovens and erron- 
eous and contradictory results are fre- 
quently obtained. Therefore, it has seemed 
desirable to study the properties of coal 
itself and to determine any relationships 
between the properties of the coal and the 
carbonization pressures developed. 


RELATIONSHIP BETWEEN PROPERTIES OF 
COAL AND CARBONIZATION PRESSURE 


Attempts to determine relationships 
between various properties of coal and 
carbonization pressures, for the most part, 
have been indirect because no satisfactory 
and reliable laboratory testing device has 
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been available for determining pressures 
that would be developed in commercial 
ovens. The usual procedure has been to 
conduct analyses of coal properties after 
coals have been found to be dangerous in 
commercial use and then attempt to relate 
the coal properties with the dangerous 
pressures. Papers have been published to 
show relationships between carbonization 
pressures and such properties of coal as 
volatile matter content, plastic properties, 
.ash content, petrographic composition, 
swelling characteristics and moisture con- 
tent.?:3.5.7-22 Most of these studies have 
obtained some broad relationships but 
either exceptions have been found for 
which no satisfactory explanation could 
_be offered or the results were too general 
to be applied to specific coals. Thus, one 
could never be sure that a given coal would 
behave in a commercial oven in the manner 
predicted by laboratory tests. 

The use of laboratory-scale analyses of. 
coal properties as presented in this paper 
is believed to be a new approach to the 
problem of assessing coking coals in respect 
to their expansion properties.. By means 
of the laboratory tests described, it seems 
possible to obtain from less than a pound 
of coal sufficient information to determine 
whether individual coals or specific blends 
of coals are safe to use under ordinary coke- 
oven conditions. These predictions are 
modified, of course, when unusual condi- 
tions are present, such as high bulk density, 
different heating schedules, unusual mois- 
ture content or degree of pulverization of 
the coal. As yet, little work has been done 
toward utilizing the methods presented in 
this paper to predict coke quality, but, 
from several broad generalizations noted 
in the course of the work, a possible way 
to use this information to predict coke 
quality as well as carbonization pressures 
is suggested. 

The experimental work described is 
divided into two parts: (1) measurement 
of the pressures developed during car- 
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bonization of a given coal or a blend of 
coking coals by means of the large movable- 
wall test oven, and (2) laboratory-scale 
analyses of the coal or coal blend. The 
analyses were examined to determine how 
they could be used to account for the — 
pressure curves obtained from the movable- 
wall test oven. It has been found that, from 
the knowledge given by proximate analysis, 
the plastic properties as measured by the 
modified Gieseler-type plastometer, the 
rate of volatile-matter loss measured over — 
the plastic period and on each side of it, 
and the conditions of the movable-wall _ 
oven test, the carbonization-pressure curves 
could be explained. Approximately two 
hundred tests in the movable-wall oven — 
have been examined and the laboratory-_ 
scale tests that had been made on those 
coals have been found adequate to explain © 
the pressure development. In a few cases, : 
it has been possible to make satisfactory 
predictions of pressures for blends of coals 
that were expected to show quite different — 
pressure development. 


Laboratory study and operating experi- 
ence have given a general idea of the 
processes that occur in a coke oven in the 
transformation of coal to coke. These | 
processes may be outlined briefly in order — 
to give a basis for discussing the pressure ; 
curves obtained from the movable-wall 
test oven. The processes described are, of | 
course, broad generalizations. Many sub- ~ 
ordinate reactions take place in the course 
of the transformation of coal to coke, any ~ 
one of which may be of particular impor- 
tance in a specific instance. Most of these ~ 
subordinate reactions are not clearly 
defined and often are the subject of con- — 
troversy. Only the broad general processes — 
will be used to describe the carbonization - 
processes, because they are generally 
accepted by fuel technologists. 

The carbonization process may be 
divided into four parts or phases, with no~ 
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definite boundary between the parts: (1) 
charging coal into the oven and the 
development of the plastic seams, (2) 
progression of the plastic seams toward 
the center of the oven, (3) meeting of the 
plastic seams in the center of the oven, and 
(4) disappearance of the plastic seams and 
the transformation of the center portion 


_ of the charge into high temperature coke. 


- temperature high enough for rapid decom-. 


oe 


, 


In the first phase, coal, usually in a 
pulverized condition, is dropped into a 
coke oven, where the temperature may be 
as high as 1200°C. The coal touching the 
sides of the oven attains immediately a 


position and softening. In a very few 
-minutes the coal touching the walls is 


- transformed into semicoke and the heat 


a 


_ transfer has proceeded so that the layer of 


coal immediately adjoining is then in the 


oe 
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plastic state. At this time the temperature 
gradient per unit distance between the 
_walls and the unchanged coal is very great. 
After perhaps an hour the process has 
proceeded far enough so that the tempera- 


- ture gradient extends over a considerably 


greater thickness of charge and the gra- 
dient per unit distance across the plastic 
layers is much smaller than in the first few 
‘minutes. Thus after an hour or so the 
process has attained a relatively stable 
form, coke at the oven walls, unchanged 
coal in the oven center, and two layers 
or seams of plastic coal separating the 
coal and the coke. 

The second phase of the carbonization 
process occurs over the greater part of the 
coking period. After the charge has at- 
tained the form described in the first phase, 
continued application of heat causes the 


> continuous change of coal into plastic coal 
and plastic coal into coke, the processes 


ce 


S 


proceeding progressively farther from the 


3 oven walls. The thickness of the coke layer 


Le. 


at the walls increases progressively, the 
thickness of the unchanged coal remaining 


in the oven center decreases, and the two 
layers of plastic coal appear to move 
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toward the center of the oven. In the 
production of high-temperature coke the 
plastic layer moves at an average rate of 
about 14 in. per hourand, since there are two 
plastic seams, one from each wall, approxi- 
mately one inch of coke is formed per hour. 

The meeting of the two plastic seams 
marks the third phase of carbonization. 
When the plastic seams meet, unchanged 
coal disappears from the oven and only 
the plastic coal and the coke remain. It 
has been shown that the rate of heating 
of the united plastic layers is much more 
rapid than the rate during the second 
phase of the coking.” This is attributed to 
the fact that the heat transfer to the now 
single plastic layer occurs from both sides 
and there is no heat transfer from the 
plastic layer to unchanged coal at a lower 
temperature. Thus, the change in the fluid 
properties and the rate of decomposition 
in the plastic layer is more rapid than in the 
greater part of the coking period. 

The plastic layer disappears perhaps an 
hour or less after the meeting of the two 
individual layers, leaving only coke in the 
oven, ranging in temperature from per- 
haps 500°C. at the oven center to 1100°C. 
at the oven walls. The only change that 
occurs after this is the transformation of 
the lower temperature coke to high-tem- 
perature coke, which may be called the 
fourth phase of the carbonization process. 
This fourth phase of the process is char- 
acterized by continued evolution from the 
coke of gas rich in hydrogen, and this con- 
tinues up to the time of pushing the coke. 

This general description shows that 
except for the last part of the coking 
process the charge in the oven consists of 
coke at the walls and two layers of plastic 
coal adjoining and separating the coke 
from the unchanged coal in the center of 
the oven. Decomposition of the charge 
occurs during the entire process, ranging 
from the evolution of water beginning at 
about 100°C. in the coal itself to the evolu- 
tion of tar, oil, and gases during later 
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stages, and ending with the evolution only 
of gases from the coke. The rate of decom- 
position, as will be shown later, is generally 
greatest within the temperature range of 
the plastic layer. This evolution of volatile 
matter within the plastic layer, and the 
resistance of the plastic layer to the escape 
of the volatile matter produced within it, 
is generally believed to be the source of 
pressures developed during the coking 
process. The experimental work presented 
in this paper is supporting evidence for 
this belief. 


PRESSURE CURVES OBTAINED WITH 
MOVABLE-WALL TEST OVEN 


The large movable-wall test oven used 
in this work was described in an earlier 
paper.‘ Similar test ovens have been used 
by the U. S. Bureau of Mines?® and in 
Germany*® for measuring carbonization 
pressures. This large oven appears to be 
the only satisfactory device for measuring 
carbonization pressures as they probably 
occur in commercial ovens. It is possible 
that some other smaller testing devices 
will be found satisfactory when the results 
can be interpreted properly. 

This oven may be described briefly as a 
test oven with a chamber. 12 in. wide, 
30 in. long and 39 in. high. One wall of the 
oven is mounted on rollers and is equipped 
with a lever-weight system for measuring 
the pressure developed against the wall 
by the charge during the course of the car- 
bonization. The chamber holds a little 
more than 8 cu. ft. of coal, or about 450 lb. 
at normal bulk densities, 49 to 53 per cu. 
ft., so the apparatus can hardly be classed 
as a laboratory-scale instrument. The 


movable wall actually moves only a few: 


thousandths of an inch during tests of coal 
blends used in commercial ovens, so that 
tests are conducted under essentially con- 
stant volume conditions. 

The test procedure calls for dropping the 
coal through the top of the oven as in com- 
mercial practice. Flue temperatures are 


v 
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regulated so that normal coking time is . 
7 to 8 hr., which is comparable to 15 to 16 
hr. in commercial 18-in. ovens. Coke made 
in this oven compares favorably with coke 
from commercial ovens in physical char- 
acteristics except for the smaller top size 
and slightly lower apparent specific grav- 
ity. The latter may be explained at least 
in part by the fact that the coke usually is” 
pushed just after the disappearance of the 
plastic layer and has not been heated so 
that the entire charge might be called high- 
temperature coke, as in commercial ovens. - 
Another cause of the lower specific gravity - 
is that the height of the coal in the oven is _ 
less than in commercial ovens. The lack — 
of weight over the coal near the sole of the 
oven appears to lead to somewhat lower 
gravity for the coke. 
The curves obtained by plotting car- ; 
bonization pressure against coking time — 
may be divided into six types according ~ 
to several fundamental characteristics of — 
the coal tested. It should be remembered — 
that these are not separate and distinct — 
types with definite limits. Pressure curves 
that may fall anywhere between any two — 
types are possible. However, the separa-_ 
tion of the curves into types according to 
fundamental characteristics of the coal 
as reflected in the shape of the curves has — 
aided materially in the identification of : 
; 


oe 


specific causes of dangerous pressure 
development. 

Fig. 1 shows examples of each of the 
types of pressure curves. Curves of actual 
tests have been used for these examples, to 
emphasize that fundamental character- 
istics of the coals tested are reflected in the 
pressure curves. 

Pressure curves of type 1 are charac- 
teristic of coals or coal blends for which the — 
factors tending toward pressure develop. — 
ment are at minima. The pressure curve 
begins at 0.1 to 0.2 lb. per sq. in. and does — 
not vary appreciably from this range 
throughout the test, the starting pressure 
being the pressure of the weight of the coal 


Se lied 


Le eee 


§ 
} 
: 
' 


GLENN C. SOTH AND CHARLES C. RUSSELL 


against the oven wall. The curve is typical 
for the coking of many roo per cent high- 
volatile coals. 

The type II curve is typical for many 
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nearly constant or decreases slowly from 
the initial maximum attained in the first 
hour. When the plastic seams meet, after 
about 7 hr. of coking, there is a slight in- 
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Fic. 1.—PRESSURE CURVES OF TESTS IN MOVABLE-WALL TEST OVEN. 


~ coal blends used in commercial ovens for 


the production of blast-furnace, water-gas, 
and domestic coke. After the initial pres- 
sure of a few tenths of a pound per square 


inch for the weight of the coal against the 
- oven wall, the pressure curve rises rapidly 


yi : 


for the first hour or so and then levels off. 
This initial rise in pressure during the 


_ formation of the plastic seams often attains 


4 a value as high as 1 to 1.2 lb. per sq. in. . 


For the next 5 hr. the pressure remains 


oe ee 


crease in pressure, which may amount to 
several tenths of a pound per square inch, 
and usually is the highest pressure shown 
during the test. After this maximum, the 
pressure declines very rapidly as the plastic 
layer disappears and the coke remaining 
shrinks to relieve the pressure on the wall. 

Blends of coking coals containing large 
percentages of so-called high-oxygen coals, 
coals of high-volatile A rank*® but ap- 
proaching the lower rank high-volatile B 
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group, or of high-volatile B rank, give 
carbonization pressure curves of type III. 
They are characterized by a very rapid 
increase in pressure during the first hour, 
the maximum pressure sometimes exceed- 
ing 1.5 lb. per sq. in. During the next 5 hr. 
the pressure declines fairly rapidly, so that 
when the plastic seams meet the final 
. maximum or peak pressure is usually less 
than the initial maximum pressure. 

Pressure curves of types I to III are all 
for coals or blends of coals normally safe 
to use in commercial ovens. Coal blends 
giving curves of type II or III may give 
much higher pressures when charged at 
higher bulk densities. Types IV to VI are 
pressure curves for coals or blends of coals 
that are dangerous to use in commercial 
ovens at normal bulk densities. 

Type IV curves are very similar to type 
II, the distinguishing feature being the 
occurrence of a dangerous maximum pres- 
sure when the plastic seams meet in the 
- oven center. From the initial pressure the 
curve rises rapidly during the first hour and 
attains a maximum value of around 1 lb. 
per sq. in., then the pressure declines 
slowly but continuously for the next 5 hr. 
or so. Up to this time the curve is the same 
as obtained for blends giving type II 
curves. When the plastic seams meet in the 
oven center, near the seventh hour the 
pressure rises very rapidly in a few minutes, 
attaining values of 3 or 4 lb. per sq. in., 
which are above the accepted limit of 
safety. After this maximum, the pressure 
decreases very rapidly as the plastic seams 
disappear and the coke shrinkage relieves 
the pressure. Coke from coals of this type 
of pressure development has much the 
same physical characteristics as coke from 
coals giving type II curves. 

Type V curves show a rapid rise in 
pressure during the first hour, attaining a 
value of 1.5 to 2 lb. per sq. in. The curve 
continues to rise but very slowly or de- 
clines somewhat during the next 5 hr. of the 
coking period. This relatively constant, 


moderately high pressure continues all 
during the course of the progress of the 
plastic layers to the oven center. When the 
plastic seams meet, a further rapid rise 
occurs until the plastic coal disappears. 
The peak pressure at the meeting of the 
plastic seams usually exceeds 4 lb. per sq. 
in. After the plastic seam disappears the 
pressure declines rapidly as coke shrinkage 
again relieves the pressure. Coal blends 
giving this type of curve may be of three 
kinds: (1) those containing large amounts 
of low-volatile coal and coked at normal 
bulk densities, (2) blends that normally 
give pressure curves of type II but coked 
at unusually high bulk densities, and (3) 
blends with unusual plastic properties, 
which will be discussed later. ; 
Charges of 100 per cent low-volatile coa 
give pressure curves of type VI. Actually 
the curve used for the example was at an 
abnormally low bulk density. If this same 
coal had been tested at a normal bulk 
density, the pressure curve would have al | 
a much steeper slope and the maximum 
pressure would have exceeded the limit 
of the apparatus (9 lb. per sq. in.). In such 7 
case the low-volatile coal exerts sufficient 
pressure to move the oven wall an appre- 
ciable distance. The pressure rises ve 
rapidly from the moment of charging and 
the rapid rise of pressure continues as lon 
as plastic coal is present in the charge. Th 
rate of increase of pressure accelerates 
when the plastic seams meet, but when th 
plastic coal disappears the pressure drop 
rapidly because of the relief offered by th 
shrinkage of the coke remaining. — : 
These six types of pressure curves include 
all of the tests made in the large movable- 
wall test oven, the number of tests at this 
writing being approximately 300. Nearly 
all of these tests have been made at normal 
bulk densities, 49 to 53 per cu. ft.; that is, 
the coal charged was of low moisture con- 
tent and had a pulverization of approxi- 
mately 80 per cent through a 1-in. screen, 
and the heating schedule was much the 
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same. The few tests at unusual bulk 
densities also fit into this classification 
when allowance is made for the unusual 
conditions. Gieseler plastometer data were 
obtained at the time of many of the tests. 


LABORATORY TEsts THAT EXPLAIN 
PRESSURE. CURVES FROM LARGE 
MovVABLE-WALL TEST OvEN 


The source of pressure arising during the 
carbonization of coal, as stated earlier in 
this paper, is believed to be resistance of 
the plastic coal to the escape of volatile 

products formed within the plastic seams; 
therefore laboratory tests to study the 
_ pressure development must include meas- 
urement of the plastic characteristics of 
the coal and also estimation of the evolu- 
__ tion of volatile matter during the plastic 
_ temperature range. Additional information 
on the degree of shrinkage of the charge, 
the apparent specific gravity of the coke,” 
and the usual proximate analysis were 
~ found useful for further qualification of the 
development of dangerous pressures. 


\ 


- Plasticity Tests of Coals Made with the 
— Modified Gieseler Plastometer 


~ The Gieseler plastometer has been 
_ described in the literature,?*? so only a 
__ brief description of the instrument will be 
_ given here. A few grams of coal is packed 
around a stirrer with rabble arms in a 
retort, so that the stirrer will not move at 
room temperature when a given force acts 
- to turnit. The retort.is heated at the rate of 
- 3°C. per min. starting at 300°C., a rate of 


_ heating that has been found to be about 
the average over the plastic range in 
~ modern coke ovens.*® When the coal 
s softens, the force acting to turn the stirrer 
causes the stirrer to revolve in the coal. 
The rate of turning of the stirrer is measured 
on a dial and expressed as “‘divisions per 
minute.” One complete revolution of the 
stirrer equals 100 divisions. The course 
‘of a test shows that a coal becomes grad- 
ually more fluid up to some maximum 
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fluidity and then becomes progressively 
and rapidly less fluid until the plastic coal 
“sets”? to semicoke and the stirrer no 
longer moves. 

The modified Gieseler plastometer used 
by Koppers Company’s Research Depart- 
ment has been calibrated by using tars 
and pitches of known viscosities, so that 
the Gieseler units of “divisions per minute” 
movement can be expressed in absolute 
viscometric units, poises.* Thus, a dial 
movement of too divisions per minute 
indicates that the softened coal system 
has a consistency of 76,000 or 7.6 X 104 
poises. 

The usual method of reporting Gieseler 
plastometer tests*! is shown in Fig. 2, 
where the stirrer movement is plotted 
against temperature. The curve shown is a 
typical result of a plastometer test on a 
high-volatile A-rank bituminous coal. For 
the purposes of this paper it has been found 
desirable to use a different method of 
reporting the plastic properties, as shown 
in Figs. 7-12. The temperature on each © 
side of the plastic range at the fluidity of 
50 divisions per minute, or a viscosity of 
1.5 X 10° poises, is indicated, the signifi- 
cance of which will be described later. The 
lines along the temperature scale are ex- 
tended to intersect the curve for the rate 
of volatilization, which also may be plotted 
on the same temperature scale. 


Measurement of Rate of Volatilization of 
Coals 


Various authors have reported experi- 
mental work on the decomposition and loss 


of volatile matter of coals*?-*® during the 


* The term ‘‘poise’’ is the centimeter-gram- 
second unit used to express the viscosity or flow 
characteristics of liquids. It expresses the 
internal friction of a liquid or the resistance of 
a liquid to motion of its parts. If the tangential 
force per square centimeter exerted by a layer 
of fluid upon another layer of the fluid adjacent 
to the first is one dyne when the first layer is 
moving at a rate of one centimeter per second, 
the viscosity of the fluid is one poise. For 
example, at room temperature water has a 
viscosity of 0.01 poise while molasses has a 
viscosity of approximately 1000 poises. 
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temperature range of the plastic state. 
Most of this work, however, has been done 
with little or no attempt to approximate 
commercial coke-oven conditions. Usually 
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produced at small temperature intervals 
during the carbonization period. How-— 
ever, the measurement of the rate of loss” 
of total volatile products during carboniza-— 


? 


s 


the measurement of volatilization has been 
restricted to the determination of perma- 
nent gas evolution. Since the volume of gas 
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tion is relatively simple when performed — 

on a weight basis. - 

Measurement of the rate of loss of | 

volatile matter has been carried out on a 


produced during carbonization is much the 
same for most coking coals, either of low, 
medium, or high-volatile rank,®° permanent 
gas volume is hardly a criterion for differ- 
entiating between coals. The composition 
of the gas, on the other hand, varies greatly. 
In addition, the tar, water, light-oil yields, 
etc., vary from coal to coal. It would 
require a complex setup to measure the 
volume of the total volatile products being 


weight basis and the results have been 


found to be of considerable use in explain- 


ing pressure development for various coals. 
The setup used is shown in the diagram of 
Fig. 3. Five grams of coal is placed in a 
cylindrical steel crucible and the crucible 
is suspended from one arm of an analytical 
balance. A thermocouple is placed in the 


center of the coal sample and the leads © 
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are coiled and adjusted to minimize the 
restriction of movement of the crucible 
suspended on the balance. The balance 
scale is calibrated so that the change of 
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their decomposition on the upper, cooler 
parts of the setup. The balance reading is 
taken each minute during the test and 
thus a complete record is obtained of the 
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Fic. 3.—APPARATUS FOR COAL VOLATILIZATION, 


location of the pointer on the scale can be 


- reported directly as milligrams change in 


weight, thereby minimizing adjustment of 
individual weights on the balance during 
tests. An oil damper is used to damp the 
swing of the balance beam. The crucible 
is placed in an electric furnace and heated 
to 300°C. in about ten minutes. Thereafter, 
the heating rate is maintained at 3°C. per 


minute by an automatic heating-rate 


controller, the same as for the plasticity 
tests. A current of nitrogen is passed 
through the furnace during the test to 
minimize oxidation of the coal and to 
sweep out the volatile products, preventing 


weight of the volatile products evolved 
per minute over the temperature range 
studied. When the temperature of 550°C. 
is reached the sample is cooled in the fur- 
nace and weighed as a check for total 
weight loss during the test. 

The data are reported as shown in Figs. 
7-12. The rate of loss of weight-in milli- 
grams per minute per 5 grams of coal is 
plotted against temperature. The rate of 
volatilization increases slowly from 330° to 
420° or 430° and then increases rapidly up 
to a maximum rate at 460° to 480°. Then 
the rate drops off somewhat but continues - 
to maintain an appreciable value to the 
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upper temperature limit of the test. The 
main difference in the rate of evolution of 
volatile matter for the high-volatile and 
the low-volatile coals appears during the 
plastic temperature range. Up to 400° the 
curves for the two coals are much the same 
and above soo° the rate of evolution of 
volatile matter is of the same order, but 
between 400° and 500° the high-volatile 
coal shows a much greater evolution of 
volatile products and the maximum rate 
is much greater. For most blends of coking 
coals of 26 to 31 per cent volatile matter, 
the volatilization curves are much the 
same, and although the temperatures of 
significant points may vary, the maximum 
rate of evolution of volatile matter has 
been found to occur during the plastic 
temperature range. The maximum for some 
straight low-volatile coals occurs after the 
plastic temperature range is passed. The 
several lesser maxima and minima of the 
volatilization curves have not been ex- 
amined thoroughly. Duplicate tests have 
' shown that they are reproducible for indi- 
vidual coals. It appears that they may 
reflect the evolution of various species of 
organic compounds or their decomposition 
points much the same as do the intervals 
of constant temperature on distillation 
curves of mixtures. 


Measurement of Shrinkage of Charge during 
Carbonization 


A change in volume of the coke occurs 
through shrinkage of the coke between its 
formation temperature, the end of the 
plastic range, and the maximum tempera- 
ture attained by it. The shrinkage of the 
coke as it is heated to high temperatures 
has been studied by the the U. S. Bureau 
of Mines.*! By several test methods those 
workers arrive at the same conclusion; 
namely, that all cokes, no matter what 
rank of coal is used in their formation, 
shrink to about the same extent, ro per 
cent on a linear basis, on heating from 500° 
to 1ooo°C. This conclusion has been 
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criticised in the literature,®? and it does 
seem unreasonable both from theoretical 
principles and from operating experience 
that all cokes should shrink to the same 
extent between formation temperature 
and 1000°C. 

To examine this conclusion, another 
method of test was devised for measuring 
coke shrinkage on heating the coke from 
its formation temperature to 1000°C. 
Several coals were carbonized in the mov- 
able-wall test oven until only an inch or so 
of uncarbonized coal remained in the center 
of the charge, between the plastic seams. 
Thus, when the coke was pushed, full- 
length pieces of coke were known to vary 
in temperature attained during the coking 
period from high-temperature coke to coke 
just emerging from the plastic state. By 
means of thermocouples inserted in the 
charge at 1-in. intervals across the oven, 
the temperatures attained by the coke at 
various distances from the oven walls 
were known. Full-length coke pieces were 
cut into monoliths approximately one inch 
square and then cut into sections varying 
in thickness from about 34 in. at the 
plastic seam end to 1 in. at the cauliflower 
end. The pieces were then tested in the 
apparatus shown in Fig. 4. Up to 500°C. 
the rate of heating was about 10° per min. 
and above 500° the rate of heating was 
approximately 5° per min. The change in 
the thickness of the coke piece tested was 
shown on the dial. The lever system used 
allowed a variation of sensitivity by change 
of the lever ratio. Thus, the dial, each 
division of which equals 4 o00 in. at a 1:1 
ratio of the lever arms would indicate a 
change in length of 1/10,000 in. when the 
arm ratio was set at 10:1. To ensure satis- 
factory operation of the instrument, tests 
were made of the apparatus when it con- 
tained no sample and also tests were made 
of the linear thermal expansion of steel. 

Fig. 5 shows the results of tests of the 
shrinkage of coke samples from several 
coals. These curves are for samples of coke 
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taken at the plastic seam end of the coke 
pieces and each sample was approximately 
$46 in. thick. Two points are immediately 
evident: (1) shrinkage does not begin at 
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appears out of line and this may be due 
to the selection of a sample of slightly 
higher temperature coke. The difficulties 
of the test are shown by the fact that the 
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Fic. 5.—SHRINKAGE OF COKES MADE FROM DIFFERENT COALS. 


the same temperature for each sample, and 
(2) the total shrinkage on heating up to 
1000°C. varies from coal to coal, being less 
for coke made from the low-volatile coal. 
The curve for the sample made from coal 


of 33 per cent volatile matter content 


temperature gradient in the coke adjoin- 
ing the plastic seam is approximately 300° 
for the first inch. Thus, even a sample 14 
in. thick represents 30° to 40° difference in 
temperature at the two faces. These tests 
show that there is a distinct measurable 
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difference in the shrinkage of cokes made 
from different coals. The coke from the 
17 per cent volatile coal gave a total 
shrinkage of 8.95 per cent while that from 
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volume that takes place during carboniza- 
tion. Since the volume change due to coke 
shrinkage can be measured, the change in 


volume of the charge due to changes up to — 


valinte Change of Charge — Percent 
Fic. 6.— VOLUME CHANGE OF CHARGE DURING CARBONIZATION. 


the 38 per cent volatile coal showed a 
shrinkage of 12.34 per cent. The difference 
amounts to 38 per cent but this is not in 
direct proportion to the original volatile 
matter contents of the two coals or in 
proportion to the volatile matter left 
in the semicoke at the end of the plastic 
range. For 1714 in. of coke, the coke from 
the low-volatile coal would shrink 14 in. 
while that from the high-volatile coal 
would shrink 234g in., a difference of 114, 
inch, 

A change in volume occurs also over the 
plastic range. Coal at one bulk density at 
the beginning of the plastic range undergoes 
a weight loss during the plastic interval and 
emerges as semicoke at another bulk 
density. It is not possible at present to 
measure or to calculate exactly this volume 
change because the bulk density of the coal 
as it enters the plastic stage is not known. 
The bulk density may be quite different 
from the average figure for the bulk density 
of the coal in the oven. However, it is 
possible to calculate the over-all change in 


the end of the plastic range can be cal- 
culated. This calculation requires data on 
the specific gravity and the bulk density — 
of the coal, the volatile matter weight loss 
during carbonization or the coke yield, — 
and the specific gravity of the coke. The — 
calculation of the volume change for vari- 
ous amounts of volatile matter in coal 
blends is given in Table 1 and shown 
graphically in Fig. 6. 

The calculations in Table 1 show the 
volume change for the entire carbonization 
period, not just the change occurring dur- 
ing the plastic interval. Since it has been 
shown that the volume change due to coke 
shrinkage is much the same for ordinary 
blends of coking coals, the major differences _ 
in the volume change of the charge must 
occur before the solidification of the plastic 
coal. Changes in the volume of the un- 
carbonized coal—i.e., compression of the 
coal due to pressure exerted on the coal by 
reactions in the plastic seam, or slumping 
of the charge due to isiticient pressure 
to support the coal—appear to be small. 
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For blends of coking coals ordinarily used 
in coke ovens, the amount of sponge formed 
is small, and this indicates that there is 
little slumping of the charge. Experimental 
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are taken from commercial coke-oven 
operations. The specific gravity and the 
bulk density of the coal are assumed identi- 
cal for all the coals, for simplicity. Lack 


TABLE 1.—Calculation of Volume Change of Coal during Carbonization 


Cu, Bt : Vol 
Volatile | Sp. Gr, | Charge! “goiia Coke, Weight | Volume | Volume 
Matter of | of Coal See Caaliven Sp. Gr. Bulk Coke | of Coke | of Coke Change Volume 
iesaleas (As- ensity,| Gi Bt. of Density |_ Yield, per per od Ft, | Change, 
Charged¢ | sumed) Rohe SE Coke per Per Cent} Cu. Ft. | Cu. Ft. ee: Per Cent 
a, Ft. Charge Cu. Ft. é of Coal | of Coal Chace 
17 I.40 50 0.57 0.80 50 85 43 0.86 +o0.29 | +51 
24-B I.40 50 0.57 0.89 56 719 40 0.72 +o0.15 | +26 
25-B 1.40 50 0.57 0.90 56 79 40 OF ora areas 
26-B 1.40 50 0.57 0.91 57 78 39 0.69 | +0.12 | +21 
27-B 1.40 50 0.57 0.89 56 17 39 0770 | +0.13 | +23 
28-B I.40 50 0.57 0.93 58 76 38 0.65 +o0.08 | +14 
28-B 1.40 50 0.57 0.97 61 76 38 0.63 SEG iatossm fe cetie 
29 I.40 50 0.57 0.98 61 OG 38 0.62 +o.05 | + 8.8 
‘ 30 1.40 50 0.57 I.O1 63 74 37 0.60 +0.03 + 5.3 
31-B I.40 50 0.57 0.96 60 74 37 0.62 +o.05 | + 8.8 
31 I.40 50 0.57 1.04 65 74 37 0.57 oO ce) 
; 32 I.40 50 0.57 0.95 59 73 37 0.62 Silo Oep lhe see Asleats 
33-B 1.40 50 0.57 0.91 57 72 36 0.63 +0.06 | +11 
33 I.40 50 0.57 Ty, LA a 72 36 0.49 —0.08 | —14 
4 35 I.40 50 0.57 0.93 58 70 35 0.60 +0.03 => 523 
36 I.40 50 0.57 a Sit 69 69 35 0.50 —0.07 | —12 
<, Sf I.40 50 0.57 I.04 65 68 34 0.52 —0.05 | — 8.8 
$ 38 I.40 50 0.57 0.84 53 67 34 0.65 +o0.08 | +14 


ifs 2 B indicates blend of coals. 


__ work indicates that some pressure must be 
_ present during the progress of the plastic 
seams toward the oven center to obtain 
_ good coke, and this pressure minimizes 
~ slumping. Thus, change in the bulk density 
of the charge due to slumping of the coal 
appears to be small. It is doubtful whether 
the compressibility of pulverized coal as 
charged into coke ovens would vary appre- 
ciably for different blends of coal. For 
ordinary blends of coals the pressure 
exerted upon the coal between the plastic 
layers is small—it is estimated to be 1 |b. 
per sq. in. or less over the greater part of 
the coking period. Therefore it seems 
reasonable that the average bulk density 
of the coal does not change appreciably 


an 


REET 


_ part of the difference in the volume change 
in the charge during carbonization, for 
different blends of coal, seems to be due to 
changes that occur during the plastic stage. 
___ As nearly as possible the data of Table 1 
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before the coal becomes plastic. The major. 


of accurate information of the true specific 
gravity of blends of coking coals makes 
this assumption necessary. The apparent 
specific gravity of the coke is that of full- 
length pieces from 1714-in. Becker ovens 
operated on approximately 16-hr. coking 
schedules, except for the first two coals 
for which the data are taken from results 
in the movable-wall test oven and corrected 
as nearly as possible to agree with results 
for commercial ovens. The coke yield isan 
estimated value obtained by laboratory 
determination. It is believed that the 
apparent specific gravity of the coke and 
the true specific gravity of the coal should 
be used because the granular coal as 
charged is compressible while the porous 
coke is not compressible under the pressure 
conditions in modern by-product coke 
ovens. 

From the table, it is immediately evi- 
dent that if the specific gravity of the coal 
is a constant and the bulk density is con- 
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stant, the volume change during coking is 
dependent upon the coke yield and the 
specific gravity of the coke. As the volatile 
matter content of the coal charged in- 
creases, the coke yield decreases. No 
general relation is evident for the trend of 
the specific gravity of the coke with change 
in the volatile matter content of the coal 
charged. If the differences in coke shrinkage 
are included in the calculation, the low- 
volatile coal, showing a large increase in 
volume, would show even greater difference 
in volume change than the rest of the coals. 

Some interesting observations may be 
made from these results. The low-volatile 
coal increases in volume from 0.57 to 0.86 
cu. ft. of solid material per unit volume 
of oven space, or a volume increase of over 
50 per cent. The remaining volume, 0.14 
cu. ft. per unit volume, must suffice for the 
free space in the oven, such as shrinkage 
space between coke pieces, the center 
dividing line, open pores, etc., and does not 
‘seem sufficient. Auvil and co-workers (ref. 
50, Figs. 7-12 and Table 5) have shown 
that the space taken up by superficial 
shrinkage—i.e., shrinkage space between 
coke pieces—was 19.9 per cent, or 0.20 
sq. ft. per square foot of oven-wall area. 
Corresponding volume of oven space, 
omitting coke shrinkage normal to the 
oven wall, is 0.20 cu. ft. per unit volume 
of oven space. Thus, it is not surprising 
that low-volatile coals cause serious damage 
to coke-oven walls. While the calculated 
final volume is 0.86 cu. ft. of solid coke per 
unit volume of oven space, the volume is 
even greater at the time of the disappear- 
ance of the last plastic coal. Shrinkage of 
the coke in the oven center causes a 
decrease in volume to 0.86 cu. ft. per unit 
volume of oven space. 

Similarly, the 33 per cent volatile coal 
shows only 0.49 cu. ft. occupied by coke 
per unit volume of oven space, or the oven 
is only half full of coke. This apparent 
anomaly is explained when the free space 
in the oven is totaled. Shrinkage space 
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between coke pieces, open pores, the center 
dividing line space, the deep V at the top 
of the charge, slumping of the charge and 
sponge formation during coking, all con- 
tribute to the free space in the oven. 


il 


It may be noted that the change in the © 


height of the charge during coking is not 
included in these calculations. The effect 
of slumping is more noticeable for the 
higher volatile blends. Thus, the 38 per 
cent volatile coal, showing a calculated 


volume increase, actually would show a — 
volume decrease if the change in the — 


height of the charge were included in the 
calculation. 

These calculations also emphasize the 
importance of the plastic state in coke 
formation. The relationships within the 
plastic state determine to a large extent 
the volume change of the charge. Although 
other factors are of influence, generally 
when the fluidity of the coal blend remains 
low the apparent specific gravity of the coke 
is low. Blends showing high fluidity give 
well-fused cokes with high apparent specific 
gravity. Since most coal blends going to 
coke ovens fall within a, relatively narrow 
range of volatile matter content, perhaps 
26 to 31 per cent, the variation in coke 
yields is not extreme and the variation in 
coke gravity, primarily a function of the 
plastic properties, is a larger determining 
factor in the volume change of the charge 
during carbonization. 


EXPLANATION OF TYPES OF PRESSURE 
CURVES OBTAINED WITH MOVABLE- 
WALL TEST OVEN FROM 
LABORATORY TEST DaTA 


The large movable-wall test oven has 
been used for approximately 300 tests, and 
for many of these tests Gieseler plastom- 
eter determinations were made on samples 
of the coal charged. A considerable number 
of volatilization tests were made on the 
same coals. Proximate analyses were also 
available. An explanation has been derived 
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from these data to account for the different 

pressure curves obtained. 
Since all volatile matter produced during 

the plastic stage must pass out of the 
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computation of the pressure does not 
appear possible at present because the 
limits for the summation cannot be defined. 
A simple expedient has been found whereby 


TABLE 2.—Criteria for Estimating Degree of Pressure Development 


Temper- 
ature of : eed a mae Peak 
vas o Div. Pr f ; ature ressure 
a Initial oe Min. Volatili- | Maxi- :* | Solidifi- | Interval} between Pressure 
ype of | Soften- | * >) Ne zation mum ‘| cation |‘between| 2nd and] when 
Pressure jing Tem-| (2) diaz Temper-| 50 Div. | 6t Plastic 
Curve |perature,| 5 sna ature, | per Min.| Hours of Seams 
Deg. C. of Deg. and Coking, pe 
Curve, Solidifi- | Lb. per Sa: aa 
Deg. C. cation | Sq. In, | °4 +” 
I 352 418 490 13 0.3 (0) 
). 3 
II 362 428 495 19 0.9 E52 
III 371 427 488 I5 ret 0.8 
IV 354 433 502 24 1.0 2.8 
V 378 450 504 By 1.8 4.0 
VI 428 G 506 78 5.9 


@ This straight low-volatile coal did not attain a fluidity at any time of 50 divisions per minute; consequently 
the entire plastic range is a region of high resistance to the escape of volatile matter. 


plastic seam, the degree of plasticity exist- 
ing for various rates of volatilization will 
determine the amount of pressure de- 
veloped. The resistance to escape of volatile 
matter decreases as the fluidity increases. 
Whether this resistance is a direct function 
of the fluidity of the coal system or is an 
indirect function of the fluidity is not 
known. The resistance may be more 
directly related to some property of the 
fused coal other than the rheological 
behavior, such as the interfacial tension 
between the fused coal, the gases, and the 
inerts. From the laboratory tests made so 
far in this work, it appears that the resist- 
ance to escape of volatile matter out of 
the plastic seam can be related directly to 
the consistency of the plastic system. The 
pressure, then, is a function of the fluidity 
and of the rate of volatile matter evolution. 
At each point across the plastic layer 
the amount of volatile matter passing the 
point, in relation to the fluidity of the 
system at that point, causes an increment 
of pressure. The total pressure is the sum- 
mation of the increments of pressure for 
all points across the layer. 

Calculation of the pressure in this man- 
ner is a difficult process. Mathematical 


this calculation is unnecessary. The great- 
est resistance to escape of volatile matter 
occurs where the fluidity is lowest; i.e., at 
the sides of the plastic seam where the coal 
is just softening or the plastic coal is 
solidifying to semicoke. It has been found 
that if the temperature in the plastic inter- 
val at which the fluidity of the system 
is 50 divisions per minute (1.5 X 105 
poises) is taken as the limiting value of 
the low fluidity .range, the extent of the 
temperature interval between this value 
and the solidification is a measure of the 
resistance of the plastic layer to the escape 


of the major portion of the volatile matter 


out of the plastic seam. On the coal side 

of the plastic seam, the temperature at 

which the plastic coal attains a value of 

50 divisions per minute and the relation- 

ship of the rate of volatilization at that 

temperature is a measure of the resistance | 
of the coal side of the plastic layer to 

escape of volatile matter. 

For most coal blends the maximum 
fluidity is great enough, in comparison 
with the criterion of 50 divisions per min- 
ute, that the resistance of the more fluid 
part of the plastic layer may be assumed 
negligible compared with the resistance 
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during the temperature interval of low 
fluidity on each side. If the maximum 
fluidity of the system never becomes great, 
the fluidity of the whole plastic interval 
must be considered. It has been found that 
if the maximum fluidity exceeds about 
soo divisions per minute (1.7 X 104 poises) 
the over-all fluidity in the layer need not 
be considered and only the temperature 
interval of low fluidity at the sides of the 
plastic layer is required to explain pressure 
development. 

The regions in the plastic layer where the 
fluidity is less than 50 divisions per minute 
may be termed the primary sources of 
carbonization pressure. There are several 
contributing factors, such as the charge 
shrinkage as shown‘ previously, bulk 
density of the charge, presence of inerts, 
etc., but these are known to the coke-oven 
operator and the knowledge of the effects 
of these factors can be employed to modify 
any observations of the magnitude of the 
pressure due to the primary sources of 
pressure. A summary of the criteria for 
each of the examples used for the six classes 
of pressure curves is given in Table 2. 

Fig. 7 shows the plasticity-volatilization 
relationships for type I pressure curves. 
There is a wide temperature region of low 
fluidity between the beginning of plasticity 
and the temperature at which the fluidity 
of the system becomes greater than 50 
divisions per minute, 418°C., but the rate 
of volatilization during this period is very 
low. Before the rate of volatilization be- 
comes rapid, the fluidity increases greatly. 
Thus, there is little cause for pressure. 
On the coke side of the plastic layer, the 
temperature interval of low fluidity, 50 
divisions per minute to the solidification 
point, is only 13°, so that although a large 
amount of volatile matter is passing 
through this region there is little resistance 
to its escape and there is little cause for 
pressure development. It is interesting 
to note that these relationships may be 
used as evidence for the direction of flow 


_amount of spongy coke is formed. 
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of gases out of the coke oven. Flow toward 


the interior of the oven would need to pass 
through approximately a 65° interval of 
low fluidity while the flow toward the coke 
side passes through only a 13° interval. — 
This indicates that, at least for coals of this — 
type, the major portion of the volatile — 
matter must pass out of the plastic seam 
to the coke-oven wall and not toward the 
center of the oven. Further, at the end of 
the plastic state, approximately one half 
of the original volatile matter of the coal 
is still present in the coke and is evolved © 
principally as permanent gases as the coke 
is heated to become high-temperature coke. 
This volatile matter certainly would not 
pass through the entire plastic seam to pass 
into the center of the oven. Further reason — 
for lack of pressure development is the — 
large shrinkage of the charge during car- 
bonization. The high fluidity of the coal 
is a factor in making a well-fused coke of © 
apparent specific gravity often over 1.0, 7 
and the coke yield from such coal is lower — 
than for usual blends of coking coals. Thus, 
: 


pal Ago 


the change in the volume of the charge 
also would tend to reduce the pressure 
development. 
The coke obtained in the commercial 
carbonization of coals giving type I pres- : 
sure curves is well fused, with high appar- 
ent specific gravity, but tends toward 
fingery quality and often a ona 


Pressure curves of type II have vis- 
cosity-volatilization relationships shown in 
Fig. 8. The over-all fluidity is somewhat 
less than in the previous case. The tem- 
perature region of low fluidity after the 
maximum fluidity is passed is 50 per cent 
greater. The temperature region of low 
fluidity before the maximum is attained — 
extends to higher temperatures, being i 
428°C, in the example used, and the vola- ; 


ee 


. tilization in this interval becomes greater — 


than for the previous case. All these factors 
point to a moderate pressure formation of 
t lb. per sq. in. or so at normal bulk . 
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Fics. 7-9.—FLUIDITY-VOLATILIZATION RELATIONSHIPS, PRESSURE CURVES, MOVABLE-WALL TEST 


: OVEN. ; 
Fig. 7, type I curves; Fig. 8, type II; Fig. 9, type II. 
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densities. The small peak pressure is due 
to the moderate rate of volatilization before 
the fluidity becomes more than 1.5 X 10° 
poises. This causes somewhat more volatile 
matter to pass toward the oven center and 
be trapped there when the plastic seams 
meet, and thus causes the small peak 
pressure. 

Coke from coals giving this type of 
pressure curve is well fused, generally of a 
specific gravity of 0.9 to 0.95, and suitable 
for blast-furnace, water-gas, and domestic 
purposes. Sufficient pressure is present to 
minimize the tendency toward fingery coke 
and the formation of spongy coke. The 
volatile matter content, 26 to 31 per cent, 
is high enough so that any expansion of the 
charge during carbonization is compensated 
for the most part by the voids in the coal 
and by coke shrinkage, as shown by the 
slightly declining pressure during the 
intermediate stage of the carbonization 
period. 

The pressure curves of type III have 
quite different viscosity-volatilization re- 
lationships because of the presence in the 
coal blend of large amounts of lower-rank 
high-volatile coal. The over-all fluidity 
is considerably less and this is reflected in 
the rapid rise in pressure during the first 
hour of coking,—more than 1 |b. per sq.in. 
(Fig. 9). After the first hour the plastic 
seam is relatively stabilized in thickness 
and the temperature gradient per unit 
distance across the layer is much less. 
Usually for coal blends giving this type of 
carbonization pressure curve, the solidifica- 
tion temperature of the coal is considerably 
lower than for usual blends of coking coals. 
In the intermediate stages of carbonization 
the pressure declines from the previous 
high value, since the rate of heating during 


the plastic period is much slower than 


during the first hour and, aside from the 
over-all low fluidity, the sources of pressure 
are small. The fluidity attains the value of 
1.5 X 105 poises at 427°C. in the example 
given, and this occurs before the rate of 
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evolution of volatile matter becomes rapid. 
On the coke side of the plastic layer, the 
temperature interval of low fluidity and 
high resistance to the escape of volatile 
products is small, being 15°. Coal blends 
of this type have relatively high volatile 
matter content, 30 to 33 per cent, and 
although the specific gravity of the coke 
is less than for coke from most blends of 
coking coals, coke shrinkage more than 
compensates for any expansion of the 
charge. 

Coke from coal blends of this type is 
not as well fused as in the previous cases 
discussed. This is reflected in the lower 
apparent specific gravity of the coke and 
sometimes the appearance of pebbly seams. 
The coke tends toward small size with an 
appreciable amount of cross fracture. 
However, when the charge contains 35 to 
50 per cent of good low-volatile coking 
coal, the coke is suitable for blast-furnace 
and domestic use. 

Coal blends giving the three types of pres- 
sure curves discussed in the foregoing pages 
are all safe for use in commercial ovens at 
normal bulk densities. If the bulk density 
of the charge is abnormally high, the pres- 
sures are enhanced and easily may exceed 
the limits of safe operation for commercial 
ovens. From the results of many tests, it 
has been determined that blends of coking 
coals that give pressures exceeding 2 lb. 
per sq. in. during carbonization in the 
movable-wall test oven are dangerous for 
continued use in commercial coke ovens. 
The following three types of curves (types 
IV-VI) are for blends of coals that show 
pressures during carbonization exceeding 
this limit of safety at normal bulk densities. 

Pressure curves of type IV are much 
like those of type II except that a high 
pressure occurs when the plastic seams 
meet in the oven center. The cause of the 
high pressure is shown in the viscosity- 
volatilization relationships given in Fig. 
to. The volatilization rate becomes appre- 
ciable before the fluidity of the coal 


6 Cy, We OEE Bry ve 


> 


ee eS 


GLENN C. SOTH AND CHARLES C. RUSSELL 2909 


Intervals of High Resistance to 
Volatile Matter Passage 


30 
C3) \0* 
oe) 
oO 
reas io” 
| < FIG. 10. 
= 4 
a ee \c 
3 De) 
~~ 2 ss 
Sr = We 
pa = ~) 
2 Ss o> 
Ss te 
on 350 10° 
350 400 450 500 
Temperature °C. 
40 
a Intervals High Resistance to 
Volatile Matter Passage 
a J \ 
x i 
. 7) 3 
2 cc 5 10 Fic. 11. 
ms | wv 2 
oe s N 10 
+: ra 3 joe 
e = > Fe 
“a 2 oie 
; Ks) re 
ae Ly) 
=: Temperature °C. 
g 30 
Interval arthak Resistance to 
v Volatile Matter Passage 
=) 
ao 
20 
| Ss 
i pe 
pes a 10 §=Fic, 12. 
es N 
< Le) = 1S 
Z pli) S 10 
a = Ee aS 
é w 2 a 
fi ‘s ctr 10 2 
a 9° ra 
= oa <1 
= 0 10 


“350. 400 0 
Temperature °C. 


Fics. 10-12. FLUIDITY-VOLATILIZATION RELATIONSHIPS, PRESSURE CURVES, MOVABLE-WALL TEST 


OVEN. 
Fig. 10, type IV curves; Fig. 11, type V; Fig. 12, type VI. 


Srilincllue is rh a Le a 
| 


300 


becomes greater than 1.5 X 10° poises, at 
433°C. This tends to cause an increase in 
the amount of the volatile products passing 
into the center of the oven to be trapped 
there when the plastic seams meet. The 
temperature interval of high resistance 
on the coke side of the plastic seam is 
again small, being 24° in the example 
shown. This interval, in addition to the 
higher rate of volatilization on the coal 
side of the layer before the coal becomes 
very fluid, is sufficient to cause the pressure 
of approximately 1 lb. per sq. in., which 
exists over the principal part of the coking 
period, but is insufficient for the develop- 
ment of dangerous pressures until the 
plastic seams meet. The volatile matter 
content of this type of coal blend is again 
26 to 31 per cent, as for type II curves, and 
the over-all fluidity of the coal during the 
plastic stage is sufficient for the formation 
of a well-fused coke of specific gravity over 
0.9, so that the change in the volume of the 
charge during carbonization is small, com- 
pensated by the coke shrinkage, as shown 
by the small decline in pressure during the 
intermediate part of the coking period. 
The physical characteristics of the coke 
are much the same as for coal blends giving 
type II pressure curves and the coke is 
satisfactory for most purposes. This type 
of coal blend is perfectly safe for use in 
ovens until the plastic seams meet. When 
the seams meet, there is a short interval 
of high pressures of dangerous magnitude. 
At abnormally high bulk densities the 
pressures are enhanced and are liable to 
cause damage to coke ovens throughout 


the carbonization period. This type of. 


curve is an example of a coal blend that 
by ordinary methods of assessment would 
probably be judged satisfactory for use in 
coke ovens. Only a test in the movable- 
wall oven or the employment of viscosity- 
volatilization relationships as shown in 
this paper would show its dangerous 
characteristics. Coal blends giving this 
type of pressure development in the mov- 
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able-wall test oven are most often found 
to be blends that have been used for some 
time commercially, which occasionally 
cause ‘‘stickers.”’ 

Type V pressure curves are for coal 


~ 
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blends not commonly used in commercial — 
ovens. The particular test used for illus- — 


tration is for a blend containing 35 per cent 


low-volatile coal, and high pressures often — 
result when the amount of low-volatile coal — 


is as high as this. The viscosity-volatiliza- 


tion relationships for this type of curve, | 


Fig. 11, explain why the high pressures 
develop. The over-all fluidity of the blend 
is much lower than usual. The fluidity 
never becomes much more than 10° poises, 
so that the entire plastic range offers con- 
siderable resistance to the escape of volatile 
products. In the example given the temper- 
ature interval of low fluidity on the coke 
side of the plastic layer, 27°, is not in itself 
a cause of dangerous pressures. However, 
on the coal side of the plastic seam, the 
coal does not exceed 1.5 X 10° poises until 
a temperature of 450°C. is reached, and at 
that temperature the rate of volatilization 
is rapid. Thus, the coal side of the plastic 
layer causes pressure during the entire 
coking period. When the plastic seams 
meet, the very high temperature that must 
be reached before the coal exceeds 1.5 X 105 
poises in fluidity, and which has caused 
much more than the usual amount of vola- 
tile products to pass into the oven center, 
signifies that high peak pressures will 
develop. The example given shows a jagged 
peak of about 4 lb. per sq. in., and this 
pressure continues for an appreciable 
length of time. Possibly in this example the 
heating was poor and all parts of the plastic 
seam did not meet at the same time. 
Usually, the peak pressure shown when the 
plastic seams meet last for less than 30 
min., while in this example it extends nearly 
one hour. 

There is another case of this same type of 
pressure curve in which the pressure is due 
to other causes. When the plasticity test 
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shows a wide region of low fluidity after 
the maximum fluidity is passed and before 
the plastic coal solidifies to semicoke, the 
pressure during the entire coking period is 
high. The maximum fluidity may be high 
and the relationships on the coal side of 
the plastic layer for viscosity and volatiliza- 
tion may be such as to cause only small 
pressure development. The wide region of 
low fluidity on the coke side of the plastic 
layer causes high pressures throughout the 
carbonization period until all the charge 
has passed the plastic stage, because the 
volatile matter evolved within the layer 
must pass through this wide temperature 
region of low fluidity. When the plastic 
seams meet, the increase in heat transfer 
to the plastic coal causes an increased rate 


of decomposition of the coal and conse- 


quently a peak pressure is shown, as for the 
curve for the coal blend containing large 
amounts of low-volatile coal. Several coals 
have been found which on the basis of 
maximum fluidity and volatile matter con- 
tent would ordinarily be judged safe for 
use in commercial ovens, but which show 
high, dangerous pressures when tested in 
the movable-wall oven, and whose viscosity- 
volatilization relationshipsshow thesecauses 
for the dangerous pressure development. 
Many low-volatile coals when coked by 
themselves give pressure curves of type VI. 
Plasticity-volatilization relationships, illus- 
trated by Fig. 12, show why such coals 
cause damage to by-product coke ovens. 
Usually the fluidity is never greater than 
1.5 X 10° poises throughout the plastic 
period and often remains below ro® poises. 
This signifies that the entire plastic layer 
offers high resistance to the escape of vola- 
tile matter out of the plastic seam. Al- 
though the amount of volatile matter 
evolved during the plastic stage is much less 
than in usual blends of coking coals, the 


high resistance in the plastic layer to its 


escape creates high pressures. Further, as 
shown in Table 1, the charge is expanding 
throughout the carbonization period much 
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more than could be compensated for by 
coke shrinkage. All factors point to danger- 
ous pressures, which become increasingly 
higher as carbonization proceeds. 


METHOD OF ASSESSMENT OF LABORATORY 
DATA FOR PREDICTING CARBONIZATION 
PRESSURES 


The methods presented in this paper 
have not been developed to the point where 
numerical data obtained in laboratory tests 


TABLE 3.—Laboratory Analyses of Two Coal 
Blends from Which Carbonization 
Pressure May Be Predicted 


Coal 


Laboratory Analysis ee A| Blend B 


Proximate analysis, per cent: 


Volatile matter............ 27.0 28.0 
IG xed) Cay DOM ssi) Kiceto, 67.3 66.6 
AShe ita ce cbbe cei cs hee Sat 5.4 
Sulphur.. Shr es 0.68 0.78 
Gieseler plastometer test: 

Initial softening, deg. C..... 368 364 
50 div. per min. on ascending 

branch of curve, deg. C 436 426 
caren fluidity, div. per 

Rea ee Bee 2,400 510 

Masineati fluidity, deg. C..| 451 444 
50 div. per min. on descend- 

ing branch of curve, deg. C.| 476 467 
Solidification, deg. C........ 496 483 


Temperature interval of low 
fluidity on coke side of 
plastic seam, deg......... 20 16 

Volatilization test: 

Rate of loss at temperature 
at which fluidity is 50 div. 
per min. on ascending 
branch of curve, mg per 
min. per 5 grams of coal. . I2.0 10.5 

Maximum rate of loss of 
volatile matter, mg, per 
min. per 5 grams of coal. . 355 34.0 

Temperature at which maxi- 
mum rate occurs, deg. C.. 450 

Volatile matter lost up to. 
end of plastic range, per 
cent of total volatile mat- 
CER IOCOALL dalseslaustereeke: 59.5 60.5 

Movable-wall test-oven result, 
maximum pressure, lb. per sq. 


can be substituted in a simple formula from 
which a numerical result can be obtained 
and used to assess a blend of coking coals in 
respect to carbonization pressure. However, 
the examination of laboratory tests, as in- 
dicated below, can be employed to predict 
the relative safety of coking coals. It should 
be understood that any such predictions 
apply only to normal operating conditions 


302 


of a coke oven, and would need to be modi- 
fied if the coal blend is to be carbonized 
under unusual conditions in respect to 
flue temperatures, bulk density, pulveriza- 
tion, moisture, use of oil, presence of in- 
erts, or other factors. 

Table 3 contains laboratory data for 
two typical blends of coking coals, which 
may be obtained from less than one pound 
of each coal. The numerical values are 
taken from actual tests, except for the 
volatilization data; the latter are figures 
taken from tests on similar coals, because 
tests were not available for the coals used 
in the examples. The predictions made in 
the following assessments agree with tests 
of the coals in the movable-wall test oven. 


Assessment of Coal A 


The volatile matter content of 27.6 per 
cent indicates a coke yield of 76 per cent. 
The maximum fluidity attained (2400 divi- 
sions per minute) indicates a well-fused 
coke with an apparent specific gravity about 
0.95. These data show that there is little 
evidence for much change in the volume 
of the charge during carbonization (Table 
7) 4 

On the coke side of the plastic range the 
temperature interval of low fluidity is 20°. 


On the coal side, the limiting value of 50 . 


divisions per minute fluidity is not attained 
until 436°, where the rate of volatilization 
is 12.0 units. These results indicate that 
relatively high pressure would be present 
throughout the coking period. In addition, 
the limit of 436°C. on the coal side of the 
plastic layer for the low fluidity and the 
volatilization rate at this temperature 
indicate that sufficient volatile matter 
would pass into the center of the charge to 
cause high peak pressure of dangerous mag- 
nitude when the plastic seams meet. 

The temperature of maximum fluidity, 


451°C., is normal for coal blends of this — 


type. The maximum rate of loss of volatile 
matter, 35.5 units, at 460°C. is also in agree- 
ment with tests on other coals. The ash 
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content, 5.1 per cent, is not high enough to | 


relieve the pressure to a great extent. Inter- 
pretation of the laboratory data as shown 
indicates that coal blend A is dangerous to 
use in modern coke ovens under normal 
operating conditions. Tests in the movable 
wall oven showed a maximum pressure of 
3.10 lb. per sq. in. when the plastic seams 
met near the end of the test. 


Assessment of Coal B 


A volatile matter content of 28 per cent, 
indicating a coke yield of 76 per cent, and 
a maximum fluidity of 510 divisions per 
minute, indicating a coke gravity of about 
0.90, signify a small increase in the charge 
volume during carbonization, but not of 
dangerous magnitude. The end of the 
plastic range, 483°C., is relatively low, so 
that coke shrinkage would be greater than 
for coal blend A and thus would reduce the 
tendency for pressure development. 

The temperature interval of low fluidity 
on the coke side of the plastic seam is only 
16° and on the coal side the low fluidity 
ends at 426°C., where the volatilization 
rate is only 10.5 units. These data indicate 
little cause for high pressure during the 
carbonization period. The relatively low 
maximum fluidity, 510 divisions per min- 
ute, indicates that the pressure in the first 
2 hr. may exceed 1 Ib. per sq. in., but the 
low value for the end of the plastic range 
shows that coke shrinkage would cause a 
decrease in pressure in subsequent hours. 
The temperature of 426°C. for the limit of 
low fluidity on the coal side and the rate of 
volatile matter loss, 10.5 units, indicate 
that no large amount of volatile matter 
would pass into the center of the charge to 
cause high peak pressure when the plastic 
seams meet. 


ee ee aes 


These data for coal blend B indicate that — 


this blend is safe to use in modern coke 
ovens under normal operating conditions. 
The movable-wall test-oven curve for this 
coal blend showed a maximum pressure of 
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1.05 lb. per sq. in. at one hour after 
charging. The pressure declined thereafter. 

Coal blend A would show a pressure 
curve resembling type IV movable-wall 
test-oven curve, while coal blend B would 
be an example of type III pressure develop- 
ment. These two examples represent an 
instance for which the coal showing highest 
maximum fluidity would be dangerous 
while the coal showing much lower maxi- 
mum fluidity would be safe to use under 
normal operating conditions. 


CONCLUSIONS 


In the foregoing study a classification 
was made of the types of pressure curves 
obtained from tests of various coals and 
coal blends in the movable-wall test oven. 
Determinations were made also of the 
plastic characteristics of the coals that give 
different kinds of pressure development. In 
addition, a study was made of the rate of 
volatilization of these coals through the 
temperature range of the plastic state. 

The following conclusions have been 
drawn from these studies: 

1. Pressure curves from the movable- 
wall test oven show definite characteristics 
for different kinds of coal and coal blends. 

2. Gieseler plastometer-test curves have 
been found to be characteristic for each 
class of pressure curve. 

3. The curves for the rate of volatiliza- 
tion up to the end of the plastic tempera- 
ture range have been found to be 
substantially the same for ordinary blends 
of coking coals. The rate of volatilization 
for low-volatile coals is noticeably different 
over the plastic temperature range. 

4. The temperature at which the vis- 
cosity of the softened coal system becomes 
50 divisions per minute (1.5 X 105 poises) 
on the ascending portion of the Gieseler 
curve has been found to be the primary 
indication of the degree of peak pressure 
when the plastic seams meet. The. extent 
of the temperature interval from 50 divi- 
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sions per minute to solidification on the 
descending portion of the Gieseler curve 
is the primary indication of the degree of 
pressure before the plastic seams meet. 
These primary sources of pressure must be 
assessed together, for although each is the 
primary factor as stated, the other is a 
secondary factor modifying the first for 
each part of the pressure curve. 

5. The findings indicate that the cause 
of pressure lies in the resistance to the 
escape of volatile matter through the por- 
tion of the coal present in a highly viscous 
state. Except for low-volatile coals, the 
actual degree of maximum fluidity attained 
by the coal is of lesser importance in the 
pressure development. 

6. Although this work has covered coals 
of considerable variety, many different 
coals have not been analyzed by the pro- 
cedure described. It appears possible to 
predict, from the results of laboratory tests 
requiring less than a pound of coal, the 
pressure a given coal or coal blend will 
develop during carbonization. Although 
there have been no serious exceptions to 
the method of assessment for the coals 
examined so far, it may be that some 
particular coal or coals may possess pe- 
culiar properties, so that the procedure of 
assessment described will require some 
modification. ; 
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Increasing the Percentage Production of Large-size Coke at Fast 
Coking Rates 


By I. M. Roserts* 
(St. Louis Meeting, September 1942) 


THE war emergency has affected every 
phase of industry. The gas and coke-oven 
companies have sought faithfully to dis- 
charge their responsibility in this critical 
period and have willingly modified their 
operations where possible to meet the 
ever increasing demands made upon them. 
Our company made commitments for blast- 
furnace coke for war purposes which neces- 
sitated a reduction in coking time in order 
to produce the amount required to meet the 
new demands. At the same time there were 
certain customers of long standing, who had 
been supplied with foundry and egg-sized 
coke produced on fairly long coking periods, 
who also were engaged in war work and 
whose patronage we desired to retain. Coke 
produced on short coking rates from the 
coal mixture we were then using would not 
_ have been satisfactory for these customers. 

The average width of our ovens is 1934 
in., which is a little wider than the more 
modern ovens of the present day. They 
were originally designed to give somewhat 
cool tops in order to produce a rich gas. 
This necessitates carrying the heats a little 
on the warm side so that the tops will be 
fully carbonized. 

A reduction in coking time, as is gener- 
ally known, is accompanied by a reduction 
in the average size of the coke produced. 
This is due to the greater shrinkage that 
takes place at the higher temperatures 
required to carbonize the charges in a 
shorter time. The net result is that the coke 

Manuscript received at- the office of the 
Institute Sept. 19, 1942. Issued as T.P. 1612, 
July 1943. 
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is more cross fractured and longitudinally 
fractured and breaks up into small sizes on 
handling. The cokes produced from the 

better coking coals seem to be more sus- 
ceptible to fracture at high temperatures 
than those from poorer coking coals. A coal _ 
mixture that produces a beautiful foundry-— 
sized coke at 30 to 36 hr. may yield a 

product at 18 hr. that would be so 
badly fractured as to be unsatisfactory for 
foundry practice. 


oe 


CoKING CHARACTERISTICS OF COALS — 


- 


Our problem was to find some economical { 
innovation and develop a method that 
would enable us to reduce the coking time — 
and still produce a coke satisfactory to our 
foundry trade. However, before discussing 
the results of our present operations, it — 
might be well to present a few observa-— 
tions on the coking characteristics of coals — 
in general. Most coke-oven operators car- ; 
bonize a blended mixture of coals. It may 
consist of a single high-volatile coal with a 
single low-volatile coal, or of a combination — 
of several high-volatile and low-volatile } 
coals. Medium-volatile coals of the Eagle — 
seam are used for the production of high- 
grade foundry coke. Medium and high- — 
volatile coals are often blended with one or | 
more low-volatile coals. The possibilities — 
are almost infinite, but the combinations — 
are limited by such factors as cost and — 
facilities for handling multicoal mixtures, 
and by other practical considerations. 
Every coal has characteristics that make it 
blend better with a particular coal or coals 
in preference to others. This property has 


— 
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been called ‘‘compatibility”” by the Bureau 
of Mines. The characteristics of the indi- 
vidual coals are reflected in the cokes pro- 
duced from their mixture. 


High-volatile Coals 


Some high-volatile coals when carbonized 
unmixed with other coals produce cokes of 
such extremely fingery character that they 


-_ are hardly suitable even for domestic pur- 


poses. They are very dense and of almost 
steel-like hardness, and are of low porosity. 
However, these same coals, when blended 


-with the proper low-volatile coals and 


_ carbonized under ideal conditions, produce 


N 


a 


beautiful cokes eminently suitable for 


_- foundry practice. 


Other high-volatile coals of almost identi- 


- cal proximate analyses, carbonized alone, 
__ produce cokes of soft friable character and 
of comparatively high porosity. When 


blended with low-volatile coals they pro- 
duce cokes that usually are of an open 


- character; and while they may serve as 


excellent domestic fuel, they are unsuitable 
for a competitive foundry market. Their 


- porosities would not vary as greatly with 


the changes in the proportions of high- 
volatile and low-volatile as would those 


_ previously mentioned containing the other 
- type of high-volatile coal. 


Low-volaiile Coals 


The low-volatile coals, say from 16.5 to 
19.0 per cent volatile matter when car- 
bonized alone, produce cokes, that to the 


_ unaided eye appear to be very dense, yet 


they have a porosity of 50 to 55 per cent. 


2 While we have never been so foolish as to 


—_—o 


 carbonize a-charge of 100 per cent low- 
volatile coal in our ovens, we have made 


many box-coking tests on them. The boxes 
are of sheet metal and are nearly as wide 
as the oven. They have double compart- 
ments and have a capacity of 119 cu. ft. 
The bottom compartment is filled with a 
buffer charge of coal to offset in some 
degree the effect of the heat from the floor 
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of the oven. The results of these box tests, 
while not comparable with full-scale oven 
tests, are nevertheless a good indication of 
the coking characteristics of the coal. 
When blended with a high-volatile coal, 
the low-volatile tends to suppress the 
longitudinal fracture and also to open up 
the structure of the coke. 

Besides oven temperatures and mixtures 
employed, other conditions have a very 
important bearing on the coking results, 
such as degree of pulverization, care 
exercised in mixing, moisture content. 
Sometimes a pronounced improvement 
may result in the character of a coke from 
greater pulverization. Coals vary quite 
widely in character, and our experience 
with our present mixture relative to the 
use of anthracite may not be realized with 
other coals. 


Porosity Data from Various Blends 


Table 1* gives the porosity data obtained 
on the cokes from blends of one low-volatile 
coal with three high-volatile coals and 
with three medium-volatile coals. The 
cokes were produced on full-scale oven 
tests. 

Figs. 1-4 show some of the characteris- 
tics of cokes produced from different coals. 
Fig. 1 is of coke produced from a high- 
volatile coal similar to coal A, Table 1. 
The fingery character of the coke and the 
honeycomb sponge are very much in 
evidence. Sponge of this character usually 
indicates a good coking coal. Fig. 2 is a cut 
section of a piece of coke produced from 100 
per cent of coal. A, Table 1. This coke was 
very dense and of extremely fingery forma- 
tion. The type of cellular structure found 
in the coke from the 100 per cent coal 
persisted to a marked degree in the coke 
from the mixtures of the coal with low- 
volatile. Fig. 3 is a cut section of the coke 
produced from 100 per cent of coal B, 
Table 1. The open character of the 100 per 


* A summary of Tables 1 to 7 is at the end of 
the paper. 
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cent coke from this coal was also reflected 
in the coke from the mixtures. Fig. 4 is the 
coke from a 60-40 per cent mixture of coal 
B and low-volatile and is of an open 


COKE AT FAST COKING RATES 


2 oy 2a 


ADDITION OF INERT MATERIAL TO Coat 


MIXTURE 


The addition of a small percentage of ; 


inert material, such as coke breeze or other 


Era: 1.—COKE FROM A HIGH-VOLATILE COAL, SIMILAR TO COAL A, TABLE 1. 
Fic. 2.—Coxe From 100 PER CENT OF COAL A, TABLE i. 


character. Fig. 5 shows the peculiar fingery 
tendency of the coke from a certain 
medium-volatile coal. This is a picture of 
the 60-40 per cent coke. The cokes from the 
other mixtures were even more fingery. A 
coal of this type when blended with a low- 
volatile normally produces a blocky coke. 


finely divided carbonaceous matter or 
even sand, to a coal mixture, has been 
found to produce a coke of a larger size 
than would be obtained from the mixture 
alone. This has been a subject of experi- 
mentation for many years, probably ante- 
dating the beginning of the twentieth 
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century. In 1926 the Laclede company 
carbonized coal mixtures containing 3 and 
5 per cent of pulverized coke breeze of 
14 -in. mesh and finer, and found that the 


Fic. 3.—CoKE FRoM 100 PER CENT OF COAL B, Taste 1. 


399 


breeze between the limits of 1 to 5 per cent; 
also, that breeze of a size larger than minus 
1/4 in. is detrimental to the strength of the 
coke. 


Fic. 4.—Coxke From 60-40 MIXTURE OF COAL B AND LOW-VOLATILE. 


resultant coke was of much larger size 
than that produced without the breeze. 
The Proceedings of the American Gas 
Association for 1936 record the experi- 
mental results of work of this nature done 
by the Philadelphia Coke Co., the Roches- 


ter Gas Co. and the Brooklyn Union Gas 


Co. These tests show that the size of the 
coke increases with the percentage of: 


Past experience indicated that the use 
of our own coke breeze properly prepared 
would produce the desired results. How- 
ever, this would necessitate the purchase 
and installation of handling, drying and 
grinding equipment at a considerable out- 
lay of money; if, indeed, the equipment 
could be obtained under present conditions. 
Moreover, the cost of drying and grinding 
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coke breeze would be somewhat high, equipment we were prepared to test any 
possibly $1.00 to $1.50 per ton. scheme that showed possibilities. 
The materials experimented with during 
a period of 4}4 months were: Our regular 
The problem, as previously outlined, high-volatile coal, which contains about 
was to find some material that could be 10 per cent of splint coal; a high-splint- 


Experimental Work 


Fic. 6.—CoKE MADE FROM COAL MIXTURE CONTAINING LACLEDE COARSE BREEZE. 


used as purchased, or would not require coal, fly-ash from boiler plants burning 
any greater preparation than could be coke breeze as fuel, coal dust containing ~ 
given it in the normal course of operation. a high content of fusain or mineral charcoal, 
Fortunately, the company has an experi- petroleum-coke breeze, coke breeze from — 
mental plant and a bin into which test various outside sources, our own breeze 
mixtures can be run without interfering coarsely ground, semianthracite from the 
with the regular plant operation. With this Spadra district in Oklahoma and the 
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fine anthracite that we are now successfully 
using. The testing of these various materials 
represents a tremendous amount of work, 
as they were all analyzed and tested for 
coking results. Full-scale oven tests were 
made when the material could be secured 
in sufficient quantity and the preliminary 
work looked promising. 

The presence of splint coal seems to 
give our high-volatile coal its coking char- 
acteristics; and inasmuch as a greater 

portion of the splint coal is found in the 
lump size than in the fines, it was suggested 
that we carbonize the lump coal for the 
production of foundry coke. This entailed 
_ ho extra cost since in the mining operation 
the lump and fines are separated anyway 
to facilitate preparation, and are then 
reassembled. The use of lump coal did 
_ produce some improvement in the average 
_ size of the coke produced, but not enough 
_ to make it. worth while. This was true 
also of the substitution of 10 per cent of 
an inherently high-splint coal for an 
equivalent amount of the high-volatile 
~ coal in the mixture. 
Coal dust with a high fusain content 
_ was satisfactory with respect to the degree 
a of fineness, but contained too much volatile 
_ matter, and so had the characteristics of a 
poorly coking high-volatile coal. The 
-petroleum-coke breeze was high in both 
volatile matter and sulphur, and would 
have needed further preparation. The many 
-coke-breeze samples from outside sources 
would also. have needed further prepara- 
tion. Only the results of materials tested 
on a full oven scale are dealt with in this 
paper. The analyses and screen tests for 
- fly-ash from coke breeze, Laclede coarse 
_ breeze, semianthracite 7g-in. Spadra slack, 
and Pennsylvania anthracite fuels are 
- given in Table 2.* 
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Fly-ash 


The coke produced from the charge 
containing 5 per cent fly-ash was promising. 
_ The yield of foundry-sized coke was 45 per 
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cent. The surface texture of the coke was 
considerably rougher than that of the 
regular product (55 per cent high-volatile, 
45 per cent low-volatile); nevertheless, 
it had a true coherent structure and with- 
stood handling very well. It was rather 
remarkable that the coal mixture could 
absorb so much inert material with so 
little adverse effect upon the appearance 
and structure of the coke. The increase in 
ash content: in the coke over that of the 
regular product was one objection to its 
use. However, there was no supply of this 
material available although many possible 
sources were investigated. The results of 
tests on the coke are given in Table 3.* 


Laclede Coarse Coke Breeze 


The coarse coke breeze as it comes from © 
the bin was tried without much hope of 
success. Mixtures of the regular coals 
containing 4 and 6 per cent of the material 
were carbonized. There did not seem to be 
much difference between the coke produced 
from the mixture containing 4 per cent 
breeze and that containing 6 per cent 
except that the latter had the poor char- 
acteristics to a more pronounced degree. 

The conclusion was that the coke would 
not have been satisfactory for the trade. 
While it appeared to be large, yielding 
41 and 49 per cent of foundry-sized coke, 
respectively, nevertheless it was extremely 
rough and pebbly and appeared to consist 
of particles sintered together rather than 
good coherent coke. The fracture was 
much less extensive than that of the regular 
product, but the break was very irregular. 
The type of break showed the reason the 
coke held together as well as it did. The 
cut section of the coke (Fig. 6) shows 
the peculiar structure consisting of irregular 
areas formed by cracks somewhat after 
the pattern of an alligator hide. 

The tumbler tests showed low stability 
factors for both mixtures. The shatter 
test was high, but has little significance 


* See footnote on page 307. ‘ 
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considering the character of the coke. 
The results of the tests are given in Table 3. 


Semianthracite from the Spadra District, 
Oklahoma 


During the coal emergency shortly after 
World War I, the Company used in its 
operations some low-volatile coals from 
Oklahoma and Arkansas, when West 
Virginia coals of this type were not obtain- 
able. They were considerably higher in 
ash and contained more fusain than the 
West Virginia coals. This partial sub- 
stitution had caused a noticeable improve- 
ment in size over our regular product 
and it was this experience that suggested 
the use of a small percentage of semian- 
thracite slack of smallest size obtainable 
on the market. It was hoped to obtain a 
coal of lower ash and sulphur content and 
of more constant quality than we did obtain. 

The results of the preliminary tests 
were promising enough to try the material 
on a larger scale, but the later tests were 
unsatisfactory. The principal objections 
to the material were the large particle 
size, the high percentage of volatile 
matter, and high sulphur content. 

The cokes produced were of slightly 
larger average size than those produced 
from the regular coals alone, but contained 
more slaty material, which had a tendency 
to cause the coke to fracture. The amount 
of pebbly sponge present in the charges 
also was objectionable. The surface texture 
and appearance of this coke in general 
were much better than that produced 
from the mixtures containing coarse breeze. 
The results of the tests are given in Table 3. 


Pennsylvania Anthracite Fines 


This experience with semianthracite 
suggested the possibility of using eastern 
anthracite fines, although the cost delivered 
was considered prohibitive. The volatile 
matter, ash and sulphur content were 
known to be lower than for the semi- 
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anthracite of the Spadra district. The 
author knew of the use of anthracite fines” 
in certain industries, but felt that the 
particle size would be too large for the 
purpose without grinding. However, a 
sample of fine anthracite, known as No. 5_ 
buckwheat, was obtained, and as the 
analysis and screen test indicated possi- 
bilities, a box-coking test was made, the 
results of which were very encouraging. 
This was the Company’s first experience 
with anthracite fines. Many samples were i 
obtained from various sources and of 
different particle size, and all carefully 
tested. The results of the box-coking and 
screen tests indicated that the size of the — 
largest particle should not be over 20 
mesh and the smallest not under 100 mesh. — 
It was not known until after the pre- 
liminary tests were completed that a 
large eastern coke plant had been using © 
this material for a number of years. i 
Testing in the oven of two lots of No.5 _ 
buckwheat that conformed to aaa 
was started April 9, 1942. 


Although the moisture content of the 
anthracite as delivered ran about 12 per 
it could have only slight effect 
on the weight per cubic foot of the coal 
mixture and on the porosity of the resultant. — 
coke, because the percentage of anthracite 
in the charge was not to exceed 6 per cent, 
so that the objections to the moisture 
were largely to, paying freight on water 
shipped over a long distance and the 
handling of wet material. 

A dependable source of supply was 
sought before starting on a program of 
plant tests. A visit to the anthracite 
region developed that there would be no 
difficulty in obtaining material. A brief 
digression may be helpful to others who 
may desire to use it. 

In the early days of the anthracite 
industry there was little or no use for 
the small sizes below chestnut, and they 
were discarded as of no value. Large 
culm banks containing millions of tons of 
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this rejected material* that have been 
accumulating over many years may be 
seen near the mines in the district. Rains 
have washed tons of this material into the 
streams draining the region, and some coal 
has been washed directly into the streams 


from the mining operations. This also has. 


been accumulating for years. This small- 
sized anthracite is now recovered from the 


— culm banks and streams, and also in the 


present mining operations, and is finding 
its way into various industries. 


PLant TEsTs ON ANTHRACITE 


Preliminary plant tests were conducted 
_ on a 2144-hr. coking schedule on mixtures 
- of the regular coals, substituting 3, 5 and 
10 per cent anthracite fines, respectively, 
for a proportional amount of either the 
high or the low-volatile coal of the mixture, 
as indicated in Table 4. The 2114-hr. coking 


rate was about the limit of speed compatible , 


_ with production of satisfactory coke for 
the market from the regular coal mixture. 
As may be seen from a study of the physical 
characteristics of the cokes in the table, 
the results of the tests were very favorable. 
From them it appeared that the addition 
of 3 per cent anthracite was not quite 
enough; that 10 per cent was too much, 
and that the optimum for the operation 
would be 4 or 5 per cent. 

The tests indicated that the production 
of foundry-sized coke could be approxi- 
mately doubled. The coke as compared 
with the regular product from a two-coal 
mixture was appraised as follows: There 
was a decided absence of fracture; the 
surface texture was a little rougher; the 
surface was not quite as bright; the cel- 
lular structure was a little more uniform 
throughout the piece; although it had a 


* Bureau of Mines Inf. Circ. 7213 (June 
1942) contains an interesting account of this 
material. In 1890 only 2 per cent of the sizes 
smaller than No. 1 buckwheat were marketed, 
whereas in 1940, 21.4 per cent found its way 
into the markets. The Minerals Year Book of 
1940 also gives interesting data on the culm 
bank and dredged coal. 
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good metallic ring when struck, its sound 
was not quite as sharp, indicating that 
the coke was a little softer; the percentage 
of breeze appeared to be slightly higher. 


The difference as a whole was not great 


except that the size was definitely larger. 
The coke was possibly a little more reac- 
tive because of its softer character, but 
the increase in size compensated for that. 
It was rather surprising that so much of 
the material could be added to the coal 
mixture and be so well absorbed that its 
presence could hardly be detected by one 
familiar with coke structure. 

The fact that the coke was so free from 
fracture and held together so well seemed 
to be a result of the character of the 
structure. When a piece was broken the 
break was not square, but irregular. 
The surfaces formed by a break were 
wavy, consisting of small projections and 
indentations or pits. The irregularities 
interlocked or dovetailed together, giving 
the piece greater strength than that of 
coke produced from coals without the 
admixture of anthracite (Figs. 7 and 8). 
Those produced from mixtures of the better 
coking coals break squarely. The presence 
of anthracite certainly reduces the tendency 
of the charge to develop shrinkage cracks. 


RESULTS ON REDUCED COKING SCHEDULES 


Experience thus far indicated that the 
addition of 4 or 5 per cent of anthracite 
fines to the coal mixture would produce 
coke of comparatively larger average 
size at shorter coking times; nevertheless, 
it was considered advisable to conduct 
tests in the Piette battery on 20 and 19-hr. 
coking periods, respectively, so that actual 
data could be obtained on the coke pro- 
duced. The temperatures of the ovens 
were increased for a 20-hr. schedule, and 
the first charges were placed in the ovens 
on May 15. The test data in Table 5 
and the actual yield of foundry-sized coke 
show conclusively that the use of anthracite 
fines of the proper particle size in the coal 
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mixture, at least within the limits of the 
experiments, causes a substantial increase 
in the average size of the coke produced, 
as compared with that produced from the 


Fic. 7.—STRUCTURE OF COKE MADE FROM 
COAL MIXTURE CONTAINING SMALL PERCENTAGE 
ANTHRACITE. 

Fic. 8.—CoKE CONTAINING ANTHRACITE. 


same coals without anthracite. Similar 
data on the coke produced from the coal 
mixture without the addition of anthracite 
are also given in Table 5. 

The results of the experimental work 
were so satisfactory that arrangements 
were made to operate the batteries on 
shorter coking schedules and charge 
the number of ovens required for the 
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production of foundry coke with a mixture 
containing 60 per cent high-volatile coal, 
36 per cent low-volatile, and 4 per cent 
anthracite fines. This has been done for the - 
past two months with very satisfactory 
results.* The plant yield of foundry-size 
coke on about a 19-hr. schedule for the 
period was 50.5 per cent as compared with _ 
about 32 per cent for a 55-45 per cent 
mixture on 2114 hr. The physical char- 

acteristics of the coke from the regular 
production are reported in Table 6. i 

It is increasingly evident, as the coking — 
time is further reduced, that a substantial 
foundry-size coke can still be made with 
the addition of anthracite fines. The 
success of the operation, however, ap- 
parently depends upon the selection of the 
proper type of anthracite fines. There 
seem to be a number of factors about the 
material itself that have an important 
bearing on the results and may lead to” 
success or failure. These factors are under 
investigation and, it is hoped, will be on 
subject of a later report. 

The anthracite has only about one 
third the gas value of the low-volatile 
coal and no residual value such as tar, 
ammonia and light oil. The total coke 
vield will be increased slightly and the 
ash content of the coke will be increased 
0.3 or 0.4 per cent. Bomb tests on the 
regular coals and the anthracite are given 
for comparative purposes in Table 7. 
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APPENDIX—SUMMARY OF TaBLEs 1 TO 7f 


Table 1.—Porosities of cokes produced from 
three (A,B,C) high-volatile coals having sub- 


* We now have nine months operation 
behind us (April 1943) and results are still very 
satisfactory. 


} Tables 1 to 7 have been deposited with the 
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stantially the same proximate analysis and 
three (D,E,F) medium-volatile coals of the 
same proximate analysis. The same low-volatile 
coal was used throughout and all of the coals 


_ were mined in the same state. Coking time was 
the same for each group. The mixtures were 


100 per cent high-volatile, 0 low-volatile; 
80-20; 70-30; 60-40; 50-50 for A,B,C and the 


same of medium-volatile and low-volatile for 


__D,E, and F. Percentage cells ranged from 29.4 
to 51 for A; 52-56.4 for B; 53.2-55 for C; 42-53.3 


for D; 51.4-55.8 for E; and 44.5-53.7 for F. 
Table 2.—Proximate analyses and screen 


analyses of materials: (1) fly-ash from coke 
breeze; (2) Laclede coarse breeze; (3) semi- 
~ anthracite 7-in. Spadra slack; (4) Pennsyl- 
__ vania anthracite fines—used in full-scale oven 
tests. Proximate analysis of Pennsylvania 


- anthracite fines: volatile matter, 5.37 per cent; 


__ fixed carbon, 80.97; ash, 13.67; sulphur, 0.65; 
~ moisture, 12.70. ' 


throughout the mixtures, are in the order high- 
“volatile: 
'55-40-5 fly-ash; (b) 55-39-6 Laclede coarse 
breeze; (c) 55-41-4 L.c.b.; (d) 49.5-40.5-10 
_ Spadra; (e) 55-40-5 S. 


Table 3.—Physical tests on cokes containing 
fly-ash, coarse coke breeze and semianthracite. 


low-volatile: inert material: (ca) 


(1) Screen tests of run-of-oven coke from 


wharf belt (coking time 2134 hr.) Total per- 


centage on +2-in. screen ranged from 81.0 for 
e mixture to $7.9 for a; foundry coke recovered 


from 32.0 per cent for e to 49.3 for 8; total coke, 
all mixtures, 75 per cent. 


(2) Screen tests of fines through 3 by 3}4-in. 
grizzly screen. Total percentage on +1-in. 
ranged from 79.6 for b to 94.4 for d. 

(3) Shatter tests on coke over 3 by 3}4-in. 
grizzly screen. Total percentage on +2-in. 


ranged from 74.8 for d to 88.5 for b. 


(4) Tumbler tests on 2 by 3-in. coke from 
run-of-oven samples. Cumulative percentage on 
+1 in. ran from 40.6 for c to 69.6 for e; +¥,-in, 
ran from 60.7 for } to 77.8 for e. Under porosity 
true and apparent specific gravities are given 
and percentage of cells is reported as ranging 
from 49.4 for e to 51.4 for a. 


- American Documentation Institute. To obtain 


them, write to the American Documentation 
Institute, Bibliofilm Service, 1719 N St., N. W., 
Washington, D. C., asking for Document No. 
1799 and enclosing 30¢ for microfilm (images 
1 in. high on standard 35-mm. motion-picture 


film) or $1.20 for photostat (6 by 8 in.). 
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Table 4.—Physical characteristics of coke 
produced during preliminary plant tests on 
mixtures containing anthracite fines; coking 
time, 21144 hr. Mixtures of h-v.-l-v. anthracite 
fines were made up as follows: (a) 52-43-5 per 
cent; (b) 53-44-3; (c) 58-39-3; (d) 57-38-5; (e) 
47.5-47.5-5; (f) 48.5-48.5-3; (g) 40-50-10; (x) 
50-40-10; (z) 50-50-0. 

(1) Screen tests of run-of-oven coke from 
wharf belt. Total percentage of -+2-in. screen 
ranged from 73.7 for (7) to 92.6 for (#). Foundry 
coke, percentage dry: (i) 28.0; (c) 35.5; (d) 
51.8; (g) 58.7; (h) 63.8. 

(2) Shatter tests on coke over 3 by 3%-in. 
grizzly screen. Total percentage on +2-in. 
ranged from 85.8 to 95.1. 

(3) Tumbler on 2 by 3-in. coke from run-of- 


- oven sample, cumulative percentage. On 1 in., 


58.0 to 64.7; on 14-in., 64.0 to 72.7 per cent. 
Specific gravities, true and apparent are given. 
Percentage cells, 51.1 to 54.3. 

Table 5.—Comparative tests made in Piette 
battery, 20 and 19-hr schedules. For both 20 
and 19-hr. the mixtures were: (a) h-v. 57-l-v 38- 
anthracite 5 and (6) 60-40-0. 

(1) Sereen tests of run-of-oven coke from 
wharf belt. Total percentage of +2-in., 20-hr.: 
(a) 91.1, (b) 79.4; foundry coke, dry basis: (a) 
53; (b) 27.9. Same data for 19-hr., same order: 
88.3, 78.5, and 48 and 23 for foundry coke. 

(2) Shatter tests on coke over 3 by 314-in. 
grizzly: 20-hr. on +2-in., (a) 87.3, (b) 84; 
19-hr., on +2-in., 89.5 and 79.3. 

(3) Tumbler tests (cumulative percentages), 
2 by 3-in. run of oven coke, 20 and 19-hr. 
20-hr., on 1-in., (@) 58.2, (6) 61.3; on Y-in., 
(a) 68.3, (b) 68.8; percentage cells, (a) 50, 
(b) 52.4. 19-hr., equivalent data: (a) 60.2, 
(b) 58.1; (a) 67.6, (b) 68.8; percentage cells: 
(a) 50.5, (b) 52.8. 

Table 6.—Physical characteristics of coke 
produced during regular operation on 1914 and 
19-hr. coking time, also comparative data on 
regular mixture when on 2114-hr. coking 
schedule. 

(1) Screen tests of run-of-oven coke from 
regular production sampled at head of belt to 
grizzly screen. Average total percentage on 
+2-in. screen for 19}4-hr. runs of four: (a) 
60 h-v.-36 l-v.-4 anthracite mixtures was 86.6. 
Equivalent figure for 19}¢-hr. runs of four: 
(b) 60 h-v.-40 l-v. mixtures was 70.4. Equiva- 
lent figures for 19.0-hr. runs: (a) 78.6; (b) 68.4. 
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(2) Shatter tests on coke over 3 by 314-in. 
grizzly. 19}4-hr., (a) mixtures, total on +2-in., 
91.2 per cent. 19-hr., (a) mixtures, on +2-in., 
90.3; (6) mixture, on +2-in., 78.7 per cent. 

(3) Tumbler tests (cumulative percentage). 
1914-hr., (a) on 1 in. 58.5 per cent, on +-}4-in., 
67.4 per cent. 19-hr., (b) on 1-in. 60.5 per cent, 
on +34, 68.8 per cent. 

(4) Plant yields of foundry coke containing 
anthracite (as is) to correspond with screen 
tests on 19.5 coke, on various dates, (a) mix- 
ture: yields range from 55.1 to 57.8 per cent. 

(5) Average physical test results made on 
coke from regular coal mixture (55 per cent 
high, 45 per cent low-volatile coal when on 
2114-hr. coking time). Average screen test: 


; 
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on +2-in., 77.7 per cent. Shatter test, +-2-in., ; 
84.7. Tumbler test, +1-in. 64.6, +34-in., 72.2. _ 
Table 7.—Bomb tests on regular (a) high and — 
(6) low-volatile coals, (c) anthracite fines, and — 
(d) mixture (60 h-v.-36 |-v.-4 anthracite) con- © 
taining anthracite fines. Cu. ft. gas per lb. coal — 
carbonized, B.t.u. value of gas, B.t.u. ft. per — 
lb. coal as gas, NH; per ton, tar gal. per ton, i 
percentage coke yield are given for a, b, cand d 
on dry and as-received bases. Moisture is 
reported as received and entire above analysis 
is also given for anthracite fines on predried 
basis. Moisture for anthracite fines as received E 
is 9.72 per cent; next highest is 3.75 for low- 
volatile coal. ; 


Production and Use of Low-temperature Char as a Substitute for 
Low-volatile Coal in the Production of High-temperature Coke 


By J. D. Price* anp G. V. Woopy,}t MremBer A.I.M.E. 
(New York Meeting, February 1944) 


. Many producers of by-product coke 
have spent considerable time and given 
considerable thought to the use of a sub- 
stitute for low-volatile coal as an admixture 
_ with high-volatile coking coal for charging 
high-temperature by-product coke ovens. 
_ Generally speaking, there are two principal 
__ reasons for this, one being occasioned by the 
~ lack, in certain localities, of low-volatile 
coal delivered at a cost sufficiently low to 
permit its use, and another being the 
desirability of finding a substitute product 
__ with a delivered cost lower than the cost 
_ of the low-volatile coal. It was for the first 
; of these reasons that the Colorado Fuel 
Zs and Iron Corporation was particularly 
a interested in this subject. This paper deals 
- with the experimental work and the results 
obtained by that company in producing 

~ and using low-temperature char. 


OVERCOMING DEFECTS IN COKE 
FROM COLORADO COALS 


Colorado coking coals are all of the high- 
volatile type and were all laid down during 
the Cretaceous period, which makes them 
something like 80 million or so years young- 
er, geologically, than eastern coals. They 
behave, when coked alone, something 
- like the Pittsburgh-seam coals. They 
: make a very brittle, highly cross-fractured, 
 fingery coke of fair shatter value but quite 

low in resistance to abrasion. Mixed with 
3 a low-volatile coking coal such as Poca- 


~ Manuscript received at the office of the 


‘ Institute Nov. 24, 1943. Issued as ees, 


- July 1944. =f 

: * Coke Oven Superintendent, Colorado Fuel 
and Iron Co., Pueblo, Colorado. 

. + Manager, Pittsburgh District, Allis-Chalm- 

ers Manufacturing Co., Pittsburgh, Pa. 


hontas or certain Oklahoma coals, they 
make a coke that is equal to virtually 
any of the eastern cokes. 

The inferior quality of Colorado coke 
has long been recognized, and a consider- 
able amount of time, effort and money has 
been spent upon investigations of means 
for improving its physical properties. 
While it has been found that some improve- 
ment in quality of coke can be secured by 
the adjustment and control of such vari- 
ables as pulverization, moisture content, 
oven temperature and bulk density of 
charge, and through the addition of certain 
inert materials such as pulverized coke 
breeze, pitch, high-volatile noncoking or 
semicoking coal, the benefits so gained 
have been comparatively small. There are 
no low or medium-volatile coking coals 
available within a reasonable freight-cost 
distance. Therefore a substitute for low-vol- 
atile coal was developed through low-tem- 
perature carbonization—or, more correctly 
speaking, through the partial devolatiliza- 
tion—of high-volatile coals. The blending 
of this lower volatile char with the high- 
volatile coking coal distinctly improves the 
quality of coke made from Colorado coal. 

There is nothing especially new about 
this idea. In 1908 a Japanese patent was 
taken out by Kotaro Shimomura, whose 
claim was: 


The method of making a nonfingery coke 
out of bituminous coals, without using natural 
coals of low-volatile matter; according to 
which a certain coal is heated at a temperature 
between about 300°C. and about 600°C. so 
as to leave about 15 to 25 per cent volatile 
matter in the coal; this coal is mixed with the 


oy 
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unheated coal in the proportion of about 20 to 
35 per cent of the heated coal and 80 to 65 per 
cent of the unheated coal, and the mixture is 
heated at a temperature between 1000°C, 
and 1400°C. 


It has been used in Germany, and 
Adolph Thau describes the manufacture of 
a semicoke for this same purpose in his 
book, “Die Schwelung von Braun und 
Steinkohle.” 

In this country, James G. West, in 1923, 
obtained a patent under which his first 
allowed claim is stated as: 


The method herein described of producing 
from high-volatile coal metallurgical coke 
which consists of subjecting a body of such 
coal to distillation and while the material 
under treatment is still a fused and gummy 
mass, cooling it, then crushing the so treated 
material and mixing it with another body of 
the same material in the raw state, and then 
coking the mixture to the end. 


REQUIREMENTS FOR MAKING CHAR 


Almost all of the writers who have 
described the use of this process have 
agreed on one point. The char, for optimum 
results in improvement of the physical 
properties of the coke, should be made 
from the coking coal or mixture of coals 
that is later to be used in preparing the 
final mixture. Theoretically this reasoning 
is sound. It should follow, therefore, that 
the best coke would be produced when the 
char and the parent coal have both the 
same plastic properties, for if both have 
melting points within a narrow range of 
temperature, the fusion would be uniform 
and the final coke would not have the 
pebbly or agglomerated appearance that 
would conceivably result should the plastic 
range of the char and of the coal used in 
the final mixture differ. However, this 
point has been disproved, at least as far 
as Colorado coals used by the Colorado 
Fuel and Iron Corporation are concerned. 

The first problem was to secure a suitable 
type of apparatus for the production of the 


ad 


char. Following the accepted theory that 
char should preferably be made from the 
coal that is later to be used in the blend, 
Shimomura’s analysis of the requirements 
for his equipment appeared sound. These 
were: 

1. Brisk agitation is necessary to prevent 
the coal from caking in large pieces. 

2. The apparatus is to be provided with the 
fewest projections or appendages possible, 
consistent with its proper working, in order 
to prevent semi-coal from accumulating and 
hanging on. : 

3. For evident economic purposes, the opera- 
tions of feeding and discharging must be 
continuous. { 

4. Easy access to the inside of all parts of 
the retort throughout its entire length without 
stopping the working is necessary for inspect 


and cleaning when necessary. - : 
5. The possibility of easy reculahian to suit 
different kinds of coal. : 


Because of the intention to use coking 
coal for the production of char, certain 
types of equipment, especially those 
employing internal heating and gravity 
flow, were automatically ruled out. The 
Hayes retort was the only one found that 
had been in fairly recent operation in this” 
country and that met most of the require- 
ments outlined above. A pilot plant con- 
sisting of one full-sized Hayes retort, with _ 
feed bins, conveyors, pulverizers, etc., toe 
make its continuous operation simple and — 
fairly economical was therefore installed. 
By-product recovery equipment was in- 
stalled and at the end of the full series 
of tests several runs were made to deter- 
mine the nature and yields of by-products. 


RETORT AND EQUIPMENT 


Briefly, the Hayes retort used consisted | 
of a steel drum, 20 in. in diameter and 
25 ft. long, supported by rollers at the 
ends and enclosed in a brick furnace. a7 
ends are closed by stationary end covers 
with packed joints; at the feed end, coal 
is fed through a variable-speed screw 
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feeder; at the discharge end, the hot char 
drops into an enclosed, screw-type quench- 
ing conveyor, in which it is cooled with 
water sprays and from which it is dis- 
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gas, with automatic teniperatuté control. 
A number of thermocouples, at various 
points throughout the retort setting, gave 
a fairly comprehensive picture of the 
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= Fic. 1.—HAYES RETORT FOR CARBONIZING COAL AT LOW TEMPERATURES. 


_ charged through an ejector with rotating 
blades. Gas is discharged from the top of 
the housing at the char-discharge end of the 
retort. = 
_ The charge is moved through the retort 
by means of a 16-in. screw extending the 
full length of the retort, and this screw 
is driven by a reversing motor, moving the 
-charge forward and then backward for a 
- shorter distance through the retort. This 
oscillating screw serves a number of 
_ purposes. The charge is kept well agitated 
_in the retort; the length of time the charge 
is held in the retort can be varied by 
_ changing the time of forward and backward 
rotation of the screw and the wiping action 
of the screw against the walls of the retort 
delays the accumulation of a hard carbon 
deposit on the inside of the retort. 
__ The retort furnace was heated by the 
combustion of pre-mixed air and coke-oven 


: 


' particles 


temperature conditions on the outside of 
the retort. Unfortunately, no provision 
could be made in this type of retort for 
the measurement of inside temperatures, 
therefore there is no information as to the 
actual temperatures reached by the coal 
themselves in their passage 
through the retort. A cross section of 
the Hayes retort installed at the Colorado 
Fuel and Iron Corporation’s coke plant, 
in which these tests were made, is shown 
in Fig. 1. The photograph in Fig. 2 shows 
the installation. 

The rest of the equipment consists of 
bins for the storage of coal and char and 
conveyors for feeding the coal to the retort 
feed bin, for carrying the char to the 
hammer mill and char bin, for mixing 
coal and char, and for delivery of the 
mixture to conveyors to the ovens. The 
by-product equipment consists of a hy- 


320 


draulic tain equipped with liquor sprays, 
a tubular cooler, a coke-filled tar scrubber, 
decanter, exhauster and liquor-circulating 
pumps. 


PREPARING THE COAL 


As mentioned, this work was begun with 
the idea of producing char from the same 
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it work satisfactorily was to raise the 
temperature of the retort, thereby reducing 
the volatile of the char—but then the 
greater part of the value of the char toward 
improving the coke structure was gone. 
Since it appeared that suitable char 
could not be produced from this straight 


coking coal, the problem then became one 


coking coal that was to be used in pre- 
paring the final blend of coal and char 
for charging the ovens. It did not take 
long to find that the statement in West’s 
patent that the material as discharged 
is ‘“‘a fused and gummy mass” was no 
exaggeration. It was gummy and sticky 
and was not controllable by change in the 
rate of feed or velocity through the retort. 
The only thing that could be done to make 


oa 


Fic. 2.—HAYES PROCESS FOR COAL CARBONIZATION, ALLIS-CHALMERS MANUFACTURING Co. 
PILOT PLANT OF COLORADO-FUEL AND IRON CoMPANY. 


of finding some means of preparing the coal 
so that it would be satisfactory. A number 
of possibilities were evident. The coal 
could be preheated or oxidized, and some 
of its coking properties destroyed, before 
it was charged into the retort. The coal 
could be mixed with some inert material 
such as coke breeze, or some of the fine 
char could be returned to the coal and— 
recycled. 


ye 
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These were tried, and they did improve 
the operation of the retort, but they re- 
duced the value of the char from the angle 
of final coke improvement. 

Then the addition of a high-volatile, 
12 to 14 per cent oxygen, noncoking coal 
to the coking coal before the retort was 
tried. The addition of 10 per cent of this 
noncoking coal showed distinct evidence 
of improvement in the quality of the desired 
char. The amount was then gradually 
increased to 50 per cent. As the percentage 
of noncoking coal was increased, the ease 
of production of suitable char also im- 
proved. At a 50-s5o mixture, the operating 
difficulties of obtaining suitable char had 
practically disappeared, and the quality 
of the final coke when this char was used 
as an admixture was considerably better 


than that produced with char from straight 


coking coal. ; 

Since the char produced from this 
so-so blend still possessed distinct coking 
tendencies, and especially since the quality 
of the coke made from this char approached 
closely the quality of coke made in the east, 
the pilot plant was placed on an operating 
basis, making and storing this improved 
coke for a period of one year, so that a 
blast-furnace test run could be made 
with it. 

Unfortunately not enough coke was 
accumulated for a blast-furnace run suf- 
ficiently extended to yield conclusive 
evidence as to the value of the coke. The 
run, however, was of sufficient length to 
give very decided indications of the im- 
proved quality of the coke. 

With the completion of the blast-furnace 
test run the first part of the research 
problem dealing with the possibility of 
producing a satisfactory coke for blast- 
furnace use was completed. 


SELECTION OF COAL 


The second part of the program con- 
sisted of investigations into more of the 
technical and theoretical considerations 


connected with the use of char. Four 
major points were investigated, which are 
worth some elaboration. 

First is the matter of selection of the 
coal from which the char is to be made. 
As mentioned, the work was started and 
carried through the first phase of the 
program on the assumption that the char 
should be made from the same high-volatile 
coal that would later be used in the mix- 
ture, and that the char should not be 
devolatilized to an extent that would 
completely destroy its coking properties. 

The use of the noncoking coal mixed 
with coking coal in the retort feed was 
intended primarily to make possible the 
satisfactory action of the retort. In these 
later tests the percentage of the noncoking 
coal was increased to 75 and finally to 100. 
At too per cent the operation of the retort 
was made practically foolproof, since there 
was no longer any stickiness of the charge 
to be contended with at any point. Further, 
and more important, the quality of the 
final coke made from the char from this 
noncoking coal was better than that of 
the coke with char from the mixture of 
coking and noncoking coals, and just as 
good as could be secured by the use of 
Pocahontas coal. 

Except for its appearance, which ap- 
proached to some degree a pebbly or 
agglomerated structure rather than the 
true fused structure of high-quality coke, 
the coke was of as high a quality as could 
be desired. | 

However, this condition was not found 
to be true with all available noncoking 
coals, for certain of these, especially low- 
rank sub-bituminous coals and _ lignites 
did not give comparable results. Also, 
certain local semianthracites of volatile 
about the same as that of the char, were 
almost worthless. Any attempt to explain 
this condition would be largely based on 
guesswork. 

The coking coal and the noncoking 
coal successfully used were secured from 
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the same section of the state and there 
may be some relationship between them. 
Considerable variation in quality of coal 
is often found in the same mine and in the 
same vein; it is possible that the two coals 
may have had the same origin and the 
present difference in coking properties is 
due to volcanic or other action. This 
condition may possibly be found to vary 
with different coking coals, and this, in 
turn, may require that the selection of a 
coal for the preparation of char must be 
made a matter of individual study for each 
high-volatile coal used. 


AMOUNT OF CHAR NECESSARY 


Second, the proper amount of char to be 
added to secure the best quality of coke 
must be determined. In this regard the use 
of char will be found to differ somewhat 
from Pocahontas. With the latter coal, the 
percentage in the mixture can be varied 
over quite a range and the higher the per- 
centage of low-volatile coal, until too great 
an expansion is reached, the better the 
coke. With char, however, the quantity 
that may be used is limited. 

Considerable improvement in coke struc- 
tures was caused by the addition of as 
little as 10 per cent char, and this improve- 
ment continued up to 25 per cent char. 
Above 30 per cent there was a tendency for 
the coke to take on a decidedly pebbly or 
agglomerated appearance and to begin to 
lose strength. When the proper quantity 
of char, finely pulverized, is used, the 
physical properties of the coke do not 
differ greatly from those secured with the 
use of Pocahontas. In general, and within 
certain limits, about 5 per cent more char 
than Pocahontas is required to give com- 
parable results. Our experience, which has 
been duplicated in tests at some of the 
eastern plants, has been that 25 per cent 
char will give coke quite similar to that 
which can be secured with the use of 20 per 
cent Pocahontas. 
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VOLATILE IN CHAR 


Third, the percentage of volatile to be 
left in the char is fairly critical. Colorado 
coking coal, devolatilized to 15 per cent 
volatile matter, has lost all of its coking 
properties and has little value as a low- 
volatile substitute. The noncoking coal, 
devolatilized to 15 per cent, has somewhat 
more value for this purpose. A local 
semianthracite of 15 per cent volatile has 
almost no value. The coking coal with 
volatile content reduced to between 17 and 
18 per cent makes the best quality of final 
char obtainable from that coal. 

To secure the best effect with the use of 
char from noncoking coal, the remaining 
volatile must be between 18.5 and 19.5 per 
cent. 

It follows that the percentage of volatile 
left in the char is critical and that this 
will vary, depending upon the coal from 
which the char is made. 


TEMPERATURE OF DEVOLATILIZATION 


Fourth, the temperature at which 
devolatilization of the char takes place— 
in other terms, the rate of devolatilization 
of the coal—appears to be important. In 
general, the faster the coal is devolatilized, 
the more valuable, from the angle of 
improvement in coke quality, is the char 
in the final mixture. This factor, also, is one 
for which we are not able to offer an expla- 
nation. Chemically, two chars, devolatilized 
to the same extent from the same coal 
but at different temperatures, appear 
similar. Under a microscope, however, a 
distinct difference in structure can be 
noted. The char produced at a lower 
temperature from a noncoking coal appears 
of much the same structure as the original 
coal, but when made at a higher tempera- 
ture the char has an exploded or “‘pop- 
corn” appearance. 


PuHysIcAL FuEL VALUE 


In order to set up a means of comparison 
between the various cokes as produced 
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and tested, the standard A.S.T.M. methods 
for screen analysis, shatter, tumbler and 
porosity were adopted. In the shatter test, 


TABLE 1.—Coke Improvement Tests 


Description or Screen, 
Source of Sample | +2 In. PFV 
Standard coke....| 74.4 | 60.6] 53 56.5 
100 I00 
Regular coke. .... 7852 41.7 
I05 
Addition of coke pa 
breeze, 2.5 per 
‘STE nee ey eee 74.7 39.1 
100 69 
SEDER CMD al 7h 3 32.4 
enh 96 57 
Addition of petro- 
leum breeze, 10 
per’ cent,.....56....0> 87.2 50.0 
EL7 88 
20 percent...| 88.2 53.6 
119 
Bulk density: 55 ee 
1b. per cu. ft.....| 76.2 41.7 
105 7 
57.5 lb. per : 
(ape He ee ee 76.6 42.0 
103 74 
60 lb. per cu. 
G8 => sccOckOnees) Ie aoe! 42.2 
102 75 
62.5 lb. per 
CW. fti hb. os 74.9 42.4 
ror 75 
Pulverization: 70 
per cent — 1¢- 
alee Verge ats ical >. © 78.2 41.7 
105 74 
80 per cent 
— Y-in....| 82.6 44.0 
III 78 
100 per cent] - 
— ly-in....| 79.7 45.8 
107 81 
Coking time: 20hr.| 83.2 40.4 
I12 72 
ZU a Geis roc hie 78.2 LALA 
105 74 
Addition of 20 per 
cent Pocahontas| 79.8 62.2 
5 107 IIo 
Addition of 20 per 
cent Howe coal.| 87.2 6) 55.8 


a variation was made, in that the samples 
for test were prepared from the screen-size 
fractions and cumulated in the proportion 
of these various fractions. By this slight 
change it was found possible to reduce to a 
considerable extent the variation usually 
found between companion tests. A cumula- 
tive value for these four physical tests 
was secured by using the formula as 
presented by R. W. Campbell some years 
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ago.* To arrive at this value the percentage 
of material in the screen test plus 2 in. 
(less a debit for material over 4 in.) is 


TABLE 2.—Various Char Effects 


hee Shat-|Tum- Po- 
Description or Screen,| ter, | bler, | T° 
Source of Sample | +2In.| +2 }] +1 Be PFV 
In, |||, in. Cent 
Standard coke....] 74.4 | 60.6] 53.7] 50.5| 56.5 
100 I00 |100 |100 {100 
Regular coke. .... 78.2 | 64.5] 28.8] 46.5] 41.7 


Coal used for char 
production: 90 
per cent coking. 63-3) | 64.3] 53.11 44- nl) 8543 


80 per cent 


100 per cent 
noncoking..} 73.6 | 75.3| 57.5] 45.2] 61.1 


Volatile content of 
17.4 per 


19.0 percent..| 73.2 | 68.5] 49.2] 49.2] 54.8 
20.6 percent..| 79.5 | 71.4] 43.9] 46.4] 51.1 


Char, percentage in 


final mixture: 0.| 78.2 | 64.5] 28.8] 46.5] 41.7 
105 106 | 54 | 92 14 

UO sus tei lecet sitter’ 81.2-| 62.9] 46.7] 42.5] 51.0 
109 104 87 84 90 

TS tenteeeeeren eae 84.4 | 59.0] 46.0] 43.3] 51.0 
Ere} 97 86 86 90 

PAG Ys aati Ait Peek 8T24. | 59./8]\-47.31 43.3) 52.2 
109. 99 88 86 92 

Pe ee eT OOO 71.0 | 67.6] 50.3] 44.3] 54.1 


Char, temperature 
of production: 
(year Mees co ODI 


given a weight of 10 per cent; the percent- 
age of cells is given a weight of ro per cent; 
the shatter results, expressed in percentage 


* Paper read Oct. 16, 1936 before the joint 
meeting of Chicago District and Eastern 
States Blast Furnace and Coke Oven Associa- 
tion. The use of the Campbell formula for 
computing the Physical Fuel Value is of 
importance primarily because it has been 
tied into blast-furnace performance in this 
paper. Other formulas for computing the 
P.F.V. of coke that have been tied into furnace 
operation will be of equal value. 
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remaining on a 2-in. screen, is given a 
weight of 20 per cent, and the tumbler 
results, in terms of the percentage remain- 
ing on a r-in. screen, is given a weight of 
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COKE IMPROVEMENT TESTS 


PERCENT OF STANDARD 
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COKE IMPROVEMENT TESTS 
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Fic. 3.—RESULTS OF EFFORT TO IMPROVE BLAST-FURNACE COKE. 


6o per cent. This cumulated value is given 
the name of Physical Fuel Value, and 
presents a very simple way of cumulating 
the results and of comparing the physical 
. values of different cokes. 

In order to have some standard of coke 
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quality at which to aim, two samples of — 
coke were secured from eastern plants, one — 


from the Chicago and one from the Pitts- 


burgh district. Both of these were made in © 


COKE IMPROVEMENT TESTS 


PERCENT OF STANDARD 
SHATTER TEST ON 2 INCH 
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COKE IMPROVEMENT TESTS 


PERCENT OF STANDARD 
POROSITY - PERCENT CELLS 


SERIES I CHART 4 
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ovens between 16 and 18 in. wide, from 
mixtures of high-volatile coal with 20 per 
cent Pocahontas, but at somewhat faster 
coking times than usually are used at 
Colorado. These were tested in the lab- 
oratory and the results set up as a standard. 
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Against this standard there was set up 
the results of similar tests on average 
Colorado Fuel and Iron Corporation blast- 
furnace coke, then the results secured 
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VARIOUS CHAR EFFECTS 
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test result; the lower figure is an index 
figure, representing the percentage of 
accepted standard of that test result. For 
example, if the accepted standard shatter 
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Fic. 4.—EFFECT OF CHARS ON PHYSICAL PROPERTIES OF COKE PRODUCED FROM THEM. 


through testing cokes made under the 
investigated methods of improving this 
coke. These are shown in the accompanying 
tables and charts. In Tables 1 and 2 the 
results of each test are shown in two ways:’ 
The upper figure in each case is the actual 


is 60.6, or an index of 100, a test result 
showing 40.4 would represent a value of 
66.67 per cent of standard; in whole 
numbers, it would be given an index of 67. 
These indexes only, and not the actual test 
results, are used in preparing the charts. 


226 


RESULTS OF TESTS 
Two separate series of these charts have 
been prepared (Figs. 3 and 4). The first 
series of five charts (Fig. 3) shows a few 


of the results of the work that was first 
performed in an effort to improve the blast- 
furnace coke. In this series is shown the 
effect of the addition of coke breeze and 
of petroleum-coke breeze, of variations in 
bulk density, of variations in degree of 
pulverization, the effect of variation in 
coking time and the effect of Pocahontas 
and of Howe coal, the latter being a coal 
of properties very similar to those of 
Pocahontas but secured from eastern 
Oklahoma. 

The second series of charts (Fig. 4) 
shows the effect of various chars on the 
improvement of the physical properties of 
coke produced from them. Here is shown, 
along with the standard and regular cokes 
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for comparison, the effect of a change in 
the kind of coal used for the making of the 
char. In this case a mixture at 9o per cent 
coking coal and 10 per cent noncoking 


coal is increased in increments of 10 per 


cent of noncoking coal to a 50—5o mixture, 
and with a char made from too per cent 
noncoking coal shown for comparison. Here 
also is shown the results of variation in the 
volatile content of the char, of the per- 
centage of char in the final mixture as 
charged into the ovens, and of the furnace 
temperature at which the char is produced. 

The results as listed in the tables and 
shown on these charts were taken more or 
less at random from a mass of data accumu- 
lated during the three years of intensive 
experimental work; in most cases, they 


represent an average of a large number of 
test runs. 
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On the first chart, representing the 
percentage of plus 2-in. in the A.S.T.M. 
screen test, the regular coke, and, with 
only one exception, all of the test cokes, 
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improved the shatter. Change in coking 
time had little effect. The addition of 


- Pocahontas coal, or the Oklahoma low- 


volatile coal, which is quite similar, had 


Fic. 6.—APPEARANCE OF COKE PRODUCED WITH MIXTURES OF HIGH-VOLATILE COKING COAL AND 
LOW-VOLATILE COAL AND CHAR. 


show an index above standard. Probably 
this is because the coke is regularly pro- 
duced at 24 hr. coking time and the stand- 
ard cokes were produced at faster rates. 
No complaint is made as to the size of the 


- regular coke. 


On the second chart is shown the per- 
centage of standard shatter; that is, the 
amount of coke remaining on the 2-in. 


screen after the shatter test as compared © 


with the standard coke. Here it will be 
noted that the regular coke and all of the 
test cokes have shown an index above 
standard. One of the peculiarities of the 
Colorado coals is that they yield a coke of 
fairly high shatter value but, as will be 
seen on the next chart, of low tumbler 
index. No fault is found with the shatter 
strength of the regular coke. The addition 
of coke breeze raised the shatter index con- 
siderably and the addition of petroleum- 
coke breeze did the same. 

Changing the bulk density of the charge 


had but little effect on the shatter index. 
Increasing the fineness of pulverization 


the greatest effect in increasing the shatter 
index. 

On the third chart is shown the chief 
objectionable feature in the regular coke; 
that is, its low resistance to abrasion. This 
regular coke has only about one half the 
resistance of the standard. The effect of 
finely pulverized coke breeze was harmful 
but petroleum breeze improved the product 
slightly. Increasing the bulk density of the 
charge caused a very slight improvement, © 
and so did finer crushing. With a coking 
time faster than the 24-hr. rate, which 
has been set up as the normal operating 
rate, the resistance to abrasion drops off. 

Pocahontas coal, in the proportion of 
20 per cent to 80 per cent of the high- 
volatile coal, gives the greatest improve- 
ment and shows that a high-grade coke 
can be made from the Colorado coals. 
The Oklahoma coal, similar to Pocahontas, 
gave considerable improvement, although 
not as great as was secured by the use of 
Pocahontas. 
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Chart 4 shows the porosity of the various 
test cokes as compared with standard. In 
no case was it possible to reach the standard 
of eastern cokes, Pocahontas and Howe 
coming closest. Coke breeze had a bene- 
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ficial effect; petroleum coke reduced the 
_ porosity. As would be expected, increasing 
the bulk density of the charge decreased 
the percentage of cells. Finer pulverization 
raised it. A faster coking time improves it 
somewhat. Pocahontas and Howe bring 
it up to about standard. 

On the fifth chart is shown the physical 
fuel values for these cokes. Here again it 
will be noted that the standard of eastern 
cokes is met only by the use of Pocahontas 
or Howe coal in the mixture. The use of 
20 per cent petroleum breeze comes close; 
but only a comparatively small amount of 
that material is available. With the excep- 
tion of coke breeze, addition of which 
shows an actual reduction in quality, 
practically all of these tests have indicated 
some slight improvement. Needless to say, 
where any method of improvement, even 
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though slight, was found practical, this 
method has been adopted in regular 
practice, and the regular coke at present is 
somewhat better than that shown on this 
chart. 


Fic. 7.—REGULAR PRODUCTION, 5000 GRADE OF COKE, SHOWING CROSS FRACTURING AND FINGERING 
TENDENCY. 


The second series of five charts (Fig. 4) 
shows the results of the four physical tests 
and the physical fuel value on a number of 
samples of coke made with the use of char, 
the samples being selected to show the 
effect of the various properties of char on 
the quality of coke so made and as dis- 
cussed above. The first chart shows the 
percentage retained on a 2-in. screen in the 
standard screen size test. The first group 
of tests shows the effect of increasing the 
percentage of noncoking coal in the mixture 
to the char retort. 

As has been mentioned, this series of 
tests was first conducted up to 50 per cent 
of the noncoking coal only, and this mix- 
ture was accepted as satisfactory for all 
further work. The 1oo per cent noncoking 


coal was tried after the completion of the 


greater part of the other test work. The 
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results will show why it was decided that 
this is the proper coal to use in preparing 
char. On this chart not much can be said 
for the effect of the various char conditions 
on size of coke; all of the chars tested come 
within a fair range of standard. 


TABLE 3.—Average Analysis of Kebler and 
Frederick Coals 


Name of coal......... Kebler Frederick 
Classification......... Noncoking | Heavy coking 
Coal preparation...... Raw|Washed¢/Raw| Washed+¢ 


Proximate analysis, per 


cent volatile matter.|38.5] 40.0 |30.6] 32.0 
Fixed Carbon..../48.4| 51.5 |55.3| 59.6 

9 eee 13.1 8.5 |14.1 8.4 
Moisture.....00... II.0 I2.0 

Ultimate analysis, per 

cent: carbon... -.. 78.27 85.44 
iy drogern.\ eo 5.67 5.64 
XYgen.......... 13.96 6.40 
Nitrogen.) cs. o- I.41 I.92 
Sultan vets creo 69 .60 
Screen: +14-in....... Barre 1.7 
A, = JAS le Eerie 7.5 10.8 

% — 4-in 2a 17.9 
—Yein.......... 68.1 70.6 


ComMPLeTE ANALYSIS OF CHAR FROM KEBLER COAL 


Proximate analysis, 


per cent volatile Screen: +1)4-in. 0.0 
MMAGEOT Ie eyes es sieve era 19.1 wy— W-in....| 5.7 
Fixed carbon 70.4 rf, — Y-in FPA f 
PAIS TUA HF iS citrate 10.5 —-in....... 71.6 


1a ee Ee 
@ Washed coal used in preparation of char and in 
final mixture. 


On chart 2 is shown the shatter-test 
results. Here the outstanding value is the 
char made from 100 per cent noncoking 
coal. All the results are high as compared 
with the standard coke and there is little 
to discuss. It might be mentioned, however, 
that of the various groups of tests shown 
here, the so-so mixture, 19.0 per cent 
volatile, 25 per cent char in final mixture 
and furnace temperature of 1450°F. were 

accepted as optimum conditions for the 
preparation of the best char. 

Chart 3 shows the tumbler-test alts 
Since this property of the coke has been 
given the greatest weight in the determina- 
tion of the physical value of coke for the 
blast furnace, we are primarily interested 
in these figures. We note in the first group 
of tests that the tumbler index gradually 
shows an increase up to the 50-50 mixture, 
that the 19 per cent volatile char is better 
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than either the lower or higher value, that 
25 per cent char makes a better final coke 
than does any smaller amount and that 
the higher temperature of preparation 
makes the best final product. 


TABLE 4.—Analysis of Principal Cokes 


PER CENT 
25 Per 
: £ 
Kanid-atucoke tts ie sv acters ure « phage Ree. Kebler 
ar ular Char 
Coke 
POLOstby crwsee.tacmtidenen ican s| 50.5 | 46.5.1 45.5 
SCREEN TEST 
4.4 
| 8.3 5.6 
is fia) Le Pata, ey Be | 
40) 79-07) 85-4 
.O0 | 92.7 | 96.6 
-5 | 97.4 | 99.5 
-3 | 98.7 |100.0 
.O |100.0 
SHATTER TEST 
LO phy coat oly. eee My Sires ches 1.6 Chass 
FAP Pion thar Dae arkts 6.7 27.8: | 2656 
Baie renere sear ehrve nile oiaie caien 60.6 | 64.5 | 79.1 
Ee SP RRS i aor eines: Se 86.9 | 83.7 | 92.4 
Bo Fb ieiy 3 Me eparaiony «eels hase 96.8 | 92.4 | 98.2 
Ee Sa My CANO Both ORB ON 98.7 | 97.2 | 99.3 
pombe, a tele ciate amine siceeere 100.0 {100.0 |100.0 
TUMBLER TEST 
(GUAT OL 2, sassietemeisl averse ce (aed 0.4 6.3 
TVG Me eee heey eidile apsretete's 27.%.\| 7.3 | 28.0 
Nts csaifhy Suave forw ope geale ep pepe%e, » 52.7 | 28.8 | 56.0 
Ne eis cso Sane Pasuae als oc 65.6 | 53.8 | 65.6 
MSR ete Sedat Mattes 67537463247 66N7) 
AM eh tied the Vel ouseeSeortone I00.0 |100.0 |I00.0 
Coke PIE Visieisisreveferal cue /see |e 50.5 | 41.7 | 61.14 


ScrREEN TEST oF KEBLER CHAR AND ANALYSIS 
OF FRACTIONS 


Size fractions, in............ +y%|y-Kl) -— 
Feed coal, per cent fraction.. ey ae poe et Mel ede) 
Feed coal, per cent volatile...] 37.4 | 40.6 | 40.2 
Char, per cent fraction....... Ged) -2T TOU e723 
Char, per cent volatile. . Ppa Peep ee iae! 
Percentage reduction in vola- 

Piller cc sions a) itertrs, es ouel spetel Co ruecet » 42.0 | 44.1 | 44.3 


a Best char coke made 23 hr. coking time. 


On chart 4 is shown the porosity of these 
same samples. It will be recalled that a 
porosity of about 50 per cent was shown as 
secured by the mixture of Pocahontas or 
Howe coal with the local high-volatile 
coal. With char this advantage is not 
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secured and the char coke probably will 
average a little denser than the regular run 
of coke. While this might tend to impair 
its combustibility in the furnace to some 
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CHARACTERISTICS OF COAL AND CHAR 


The actual appearance of the coke as 
regularly produced from too per cent high- 
volatile coal and of coke produced with 


ow s o 
MOISTURE IN CHAR 


% 


15 20 25 


PER CENT WET CHAR 
- Fic. 8.—EFFECT OF CHAR ON BULK DENSITY OF MIXES, 
Experimental work done with char crushed to pass }¢ in. and then dried. Moisture added while 
char was hot. Coal used was taken from coal bin and contained about 12.0 per cent moisture. 
Bulk density of dry char about 41.6 lb. per cu. foot. 


extent, it is felt that this slight disad- 
vantage will be more than offset by the 
increase in its resistance to abrasion. 

Chart 5 shows the physical fuel value 
of these char cokes. The char first accepted 
as satisfactory did not give a coke of P.F.V. 
equal to standard. However, it was felt 
that the coke was sufficiently close to 
standard to warrant the temporary stop- 
ping of the research work and the placing 
of the retort on a production basis for a 
blast-furnace run. The later results shown 
for 100 per cent noncoking coal show the 
reason for the special interest in this type 
of char. 


mixtures of this coking coal with low- 
volatile coal and char is shown on Figs. 
5 and 6. The 5000 grade of coke, the 
regular production, shows plainly the cross 
fracturing and fingering tendency of this 
coke (Fig. 7). This tendency is largely 
eliminated in the coke made from. the 
mixture with low-volatile coal. Some 
cross fracturing is noticeable in the char 
coke, but the fingering tendency is largely 
eliminated and the tendency is toward the 
formation of smaller but blockier pieces of 
coke. Since the regular coke is somewhat 


’ larger than the standard, some decrease in 


size of individual pieces is not objectionable. 
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At this point it might be interesting to 
learn something about the coals, char and 
by-products discussed herein. 

In Table 3 is an average analysis of the 


331 


Table 4 is of considerable interest, since 
it shows practically equal devolatilization 
of all particles of coals regardless of their 
size. 
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Fic. 9.—EFFECT OF MOISTURE ON UNIT WEIGHT OF COAL. 


oY. Frederick coking and the Kebler noncoking 


coals. 

A complete average analysis of the char 
made from 100 per cent Kebler coal is 
shown also in Table 3. The sizing test was 
made on material from the retort. This 


“was reduced by hammer mill, so that 


99.5 per cent passed through a ¢-in. 
screen before mixing with coking coal. 

A physical analysis of the three principal 
blast-furnace cokes under discussion are 
given in Table 4. 

The screen test of Kebler char and an 


_ analysis of various fractions at the end of 


A study of the bulk density of char and 
of coal-char mixtures and its effect upon 
oven capacity is of interest. Fig. 8 shows 
the effect of char on bulk density of mixes. 
Here it is shown that increased percentages 
of char of varying moisture content mixed - 
with wet coking coal will cause a decrease 
in the bulk density of the mixture up to 
25 per cent of char addition. This indicates 
that when using 25 per cent char of 10 per 
cent moisture content, bulk density of the 
charge will be reduced from 51.1 lb. to 
45.4 lb., or about 11 per cent. Hence the 
amount of coal-char mixture that can be 
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charged into an oven will be decreased by 
this amount. Considering now, the dry coal 
portion of this total charge, we find that 
this will be reduced from 44.9 to 40.3 lb., 


© OLD BATTS. 
_¢"D BATT. 
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\ 


an increase in coke yield per oven of 


(71.2 — 67.2) + 67.2 = 6.0 per cent, 


eT ea 


leaving a net loss in coke per oven pushed : 


Fic. 10.—CoRRELATION OF SHATTER AND TUMBLER TESTS ON nt: BLAST-FURNACE COKE, JUNE 
AND JULY 1939. 


a reduction of 10.2 per cent. But we have 
the increased yield per oven to offset this. 
Based on a mixture charged of 90 per cent 
Frederick at 32.0 per cent volatile and 
1o per cent Kebler at 40.0 volatile, we 
would have a volatile content in the mixture 
charged of 32.8 per cent, an indicated coke 
yield of 67.2 per cent. With a mixture of 
75 per cent Frederick and 25 per cent char 
at 19 per cent volatile, the volatile content 
of the mixture would be 28.8, an indicated 
coke yield of 71.2 per cent. This indicates 


of 4.2 per cent. However, if coking time 
can be reduced from 24 to 20 hr., ovens 
per day would be increased 20 per cent. 
Thus we have a net gain in coke capacity 
of about 15 per cent. However, coke 
made at 20 hr. coking time with char is 
slightly inferior to that made at 24 hours. 

Some discussion as to the cause under- 
lying the decreasing of bulk density 
through the addition of char may be in 
order. The bulk density of coal, as shown 
on Fig. 9, decreases to a minimum at 
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about 5 per cent water and then increases 


-at a slower rate. The amount of dry coal 


in the wet coal decreases to about 6 per 
and then slowly 
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is dropped into the test box. With char, 
the action is entirely different. Dry char 
is spongy in nature and will absorb water 
up to about 5 per cent without any change 
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Fic. 11.—CORRELATION OF SHATTER AND TUMBLE 


R TESTS ON CHAR COKES, ALL TYPES, BOX AND 


OVEN TESTS. 


increases. From o to 5 or 6 per cent mois- 
ture addition, the coal apparently be- 
comes “fluffy”? and the tendency toward 
packing is decreased. As the moisture 
exceeds the 5 or 6 per cent mark, this 


tendency toward fluffiness disappears and 


the coal begins to pack. Naturally, these 
curves vary, depending upon the specific 
gravity of the coal, pulverization of the 
coal and the height from which the coal 


whatever in its apparent volume and with- 


‘out any change in its packing tendency. 


Therefore the addition of any amount of 
char up to 25 per cent in this moisture 
range will cause a decrease in the bulk 
density of the mixture. Above 5 per cent 
moisture in char, there is a slight packing 
tendency, so that with char of this nature 
added to coal there will be a somewhat 
higher bulk density at a corresponding 
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percentage of char, and slightly higher 
dry material content, but apparently 
never approaching the bulk density of 
straight coal. 


PHYSICAL FUEL VALUE OF FCE COKE 


SAVINGS PER TON OF 
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value of char as an improvement agent 
for the coke over any other means tried 
except the use of Pocahontas, Howe coal, 
or petroleum breeze, and the latter mate- 


IRON - DOLLARS 


Fic. 12.—SAVINGS PER TON OF IRON BASED ON PHYSICAL FUEL VALUE OF FURNACE COKE. 


RELATIONSHIP BETWEEN SHATTER TEST 
AND TUMBLER-TEST INDEXES 


In the preliminary work prior to the 
intensive research program started in 1938, 
it was found that in general any improve- 
ment in the shatter index of the coke was 
accompanied by a decrease in the tumbler 
index. This is shown by comparing samples 
selected at random from the regular sooo 
coke and as shown on Fig. to. On the 
lower half of this figure, the 2-in. shatter 
index is plotted against the 1-in. tumbler 
index and the trend is definitely shown. 
When comparing the 114-in. shatter index, 
the trend is opposite but considerably less 
than is secured by plotting similar data 
as shown on Fig. 11.* This indicates the 

* It is emphasized again that the purpose of 
including these charts showing the relationship 
between shatter and tumbler tests is to empha- 
size the fact that with the char used in the 
coking mixture, the shatter and tumbler in- 
dexes show the same general trend but without 
char the trend of each may be and often is in 
opposite directions. This seems to be a peculiar- 


ity of Colorado coals and is not generally true 
of Eastern high-volatile coals. 


TABLE 5.—Data on Runs with Kebler Coal 
and Regular Mixture 


Coal usged:cictocicrencetrt san 100 per Regular 
cent mixture 
Kebler 
Coke or char madein........ Hayes Koppers 
retort ovens 
Tar yield, gal. per ton, dry 
basiss.<.4 sae eee eae 38.0 10.5 
Specific 'Qravity aso vvieleen sean I.105 1.180 
Bluid Polnt.s vancusyaee sueneee 70°C. 40°C, 
Distillation: To 210°C....... 2.4 0.7 
235° ; 6.2 4.7 
315°C wag 19.0 
355°C 4I.1 2745 
370°C 38.9 3i53 
380°C 43.9 40.5 
Residue above 380°C 55-5 59.2 
Tar acids 15.6 4.0 
Gas yield, cu. ft. per ton..... 1,600 11,800 
Gross B.t.u. (air free)....... 818 550 
Net B.t.u. (air freé)is050... 744. 490 
SUMMARY OF PRopUCTS RECOVERED, LB. PER TON 
Coat UsED 
Coke ot char acntent td stianak 1,560 1,476 
OPSes Me 2a. eetat one we eee 34 106 
Gaston rte: ety noth Pee Cl 64 367 
Ammonia in liquor.......... 0.4 RG) 
Phenol initquorsviy ott... 2.2 
Soluble tar in liquor......... 15.5 23.4 
Unaccounted for loss........ 9.9 22.0 
Totalitwirds (criti thw ah J+ es’ | 2j000 2,000 


rial is not available for use. The data on 
Fig. 11 also indicate the value of adopting 
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as standard the 114-in. shatter index 
rather than the 2-in. index now in general 
use, because the increased precision of 
estimate as indicated by the narrow band 
on the table shows its greater reliability. 
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blast furnaces. The report would not be 
complete unless an attempt were made to 
evaluate the seemingly better coke result- 
ing from the admixture of low-temperature 
char with high-volatile coal. 


TABLE 6.—Comparative Blast-furnace Savings Due to Use of Low-temperature Char as 
Admixture with Colorado High-volatile Coking Coals 


PHevin@oals 90% H.V.,| 75% H.V., 
al-char Mixture 100 %H.V. 10 % CH. 2s % CH 
Polse Hequinet Mer ayy COUS mica ve etejosie cArhofa.s aie iase «+.» soye/al vous apsueysin lee 1,600 1,600 1,600 
OSBERE TSH leet ols CET Mion Ss eee ah ol Ei NE ner gE eve ae eee 65 6614 70 

$< Somloricoal-charwmix charged, tons, a). sec fers sy oelh dele seed Ose 2,460 2,400 2,285 
BEOOSUIOL COAL, 2AG0) SAT 2FG', oc occur clcionsjss mis ¢ she sla jecrs ets asta e Wty eg $10,150.00 
Cost of coal-char mix: 
GOL eA OO RO Ani a wae) BONO a ae oineais el the o(e-t araalah a sisgciorelbtark gb ce 
ROME eA OO Oe 3: OA" MODS crete ohctstee on cin cleasne (ysfds tye sere eee eae $ 9,855.00 
75 ze 26 ana 5 42375 SERN OL teed en Mr eet eae ors clo, oom p kuerale tats tens, ¢ 
25 % X.2285 X 3. OP ROCA 2s OLE EE a TORI ,170.00 
harevaeldper tomiOf feeds wall. ducs cam ters oc sie, exe pac aisles ave ¥ bls olelelacn, cpeve ts 10 9s a3 $3; 
GeMiGiiey ice Phewon asin: so 90 aioe pomodHn tomae a we onnonmon oe bce 24,600 22,800 20,000 
Credit ab.6¢ per gals rc eicl mms ees cea ciel oe odie ies veces sens $ 1,476.00/$ 1,368.00/$ 1,200.00 
Gas yield and credit: 
HOO ut POOLE NORUDET, COO CUyrelin te. tegaisrete if elo stare’ dai 6 pre stones) le $ 1,742.00 
POO UO EES 2OIAG OE PEL. LOOO Cll Le ee cmc sete nfeiore siete a © fete onesie © $ 1,663.00 
_ _ 2285 X 11100 at 6¢ per 1000 cu. PEt Fore ns tense tanaie Gratin pivnaders te Meas $ 1,522.00 
Light oil yield and credit: 
BAG OPE GO EDEN Cals mrteriel rer acheiere ccs at arel oc colievshiabelov eyene Suetepaie mrs $ 394.00 
BAOOs ea abe SE DET CA). one nuctang ciesshovdis fone, atiata Suniere ls) ones ee edssets eit $ 384.00 
2285 X 2at 8¢ per gal... 2... ee eee eet eee $ 366.00 
Physical fuel value of blast-furnace coke.............+.000:+eeeeeeee 41.7 57.3 (pape 
Estimated savings per.ton pig iron’... 1.0.0.2... eee eee eee eee 0.31 On, 
Estimated daily savings (1600 tons pig iron)®............--:.2-.-455 $ 496.00| $ 592.00 
Total daily savings and credits—tar, gas, be Oat) Reis cc cene ont $ 3,612.00/$ 3,911.00/$ 3,679.00 
Daily fuel charge cost less (SAS te SE BO Oe: Ce: tae ene omen $ 6,538.00]$ 5,944.00/$ 5,491.00 
Daily savings.due to use-of Char am MUX. oy. tee eee ete $ 594.00/$ 1,047.00 
Yearly savings due to use of char, without depreciation.............. $217,000. 00| $381,000.00 
Yearly savings due to use of char, 20 per cent depreciation............ $167,000.00] $241,000.00 


credit is taken for shorter coking time. 
6 See Fig. 10 for basis of this credit. F 
¢ Based on use of one ton coke per ton pig iron. 


In Table 5 are shown the yield and 
analysis of tar and by-products from low- 
temperature runs on Kebler coal compared 
with yields from regular high-volatile 
mixture (90 per cent Frederick, 10 per cent 
Kebler) to high-temperature ovens. 


‘EVALUATION OF COKE PRODUCED 
WITH CHAR 


Experimental and development work 
generally is pursued to produce new or 
better products or to improve processes 
for production at an increased rate or 
lower cost, or both. The experiments 
reported herein were made to determine 
whether better metallurgical coke could 
be produced at permissible costs so as to 

_ obtain a greater output of pig iron from 


@ No penalty is assessed against coke-oven capacity because of lower bulk density of coal-char mix, and no 


In the absence of definite information 
as to the worth of each point in increased 
physical fuel value of the coke charged 
to the blast furnaces in question, it was 
necessary to assume the “‘savings per ton 
of iron based on P.F.V. of furnace coke,” as 
set forth in R. W. Campbell’s paper of 
1936, ‘‘Physical Testing of Coke and Cor- 
relation with Furnace Operation.” 

Table 6 is one method of evaluating the 
over-all results of the test’ work. The 
assumed capacity is 1600 tons per day of 
coke charged to the blast furnaces. The 
cost of the coal and the credits for tar, 
gas, and light oil approximate the average 
market for these products in the Colorado 
district. The credits or savings assumed 
for the increased P.F.V. of the blast- 
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furnace coke made from a coal-char mix 
were taken from Fig. 12. The coke yield 
from roo per cent Colorado coal is ap- 


TABLE 7.—Estimated Production Cost of 
Low-temperature Coke Char by the 
Hayes Process 


Item Total Eeueos 
Estimated plant cost: 56 retorts, 
iA Pornacesieacnveie tiene meee $ 700,000 
Capacity, tons: 
Feed coal per day (24 hr.).. 790 
Feed coal per year (330 
CENT Jos anno COD ODD See ie 261,000 
Char per year (based on 
80 per cent yield)....... 200,000 
Operating costs: 
Coal at $4.1214 per ton de- 
livered (dry basis)...... $1,077,000 
abo. ceeetetohelaiin te sie feta, whe 68,700 
Supervision and chemist... II,000 
Power, 643 net hp. at $0.003 
Per Ow NP oss a. hee ee 16,300 
Fuel, equivalent 3 tons per 
day at $4.12} per ton... 6,800 
Water, 500 gal. per min. at 
$0.02 per 1000 gal....... 4,700 
Repairs and supplies, $0.10 
per ton feed, material 
OND Yice aiteveree tievoaicns tore 26,100 
A. Total operating costs.| $1,210,600] $5.79 
Credits: 
Crude tar, 35 gal. per ton; 
9,150,000 gal. at 5¢ per 
BAUS sties cout: cal 458,000 
Boel otal cregits sms canis « $ 458,000] $2.19 
Net cost without fixed charges 
e(ASminus'B) > Gai lars clon s ...| $ 752,600] $3.60 
Fixed charges, 2.5 per cent taxes 
and insurances des. scien cies avo $ 15,750] 0.08 
Net cost at coke plant without 
Gepreciauioniecines cee sice ssh $ 768,350) $3.68 


LABOR AND SUPERVISION 


Men | Num- 


Man | Hourly Daily 
Labor dhift nae Hours| Rate Cost 
Retort at- 
- Biz gored 2 3 48 0.90 |$ 43.20 
plant at- 
re pe is a I 3 24 0.90 27.60 
ance 
crew....| 4 I g2 1.00 32.00 
Laborers..| 3 3 72 0.80 57.60 
Roretasn. Pt eta § 3 24 1.25 30.00 
daily 
labor 
your: ; $ 184.40 
labor 
cost. . $68,700.00 


—_— 


4 Labor shifts 8 hours. 
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proximately 65 per cent and from 19 
per cent volatile char about 80 per cent. 


These yields were used in calculating the 


TaBLE 8.—Estimated Production Cost of 
Low-temperature Coke Char by the 
Hayes Process 


Total Per Ton 


Item Char 


Estimated plant cost: 24 retorts, 


6 furnaGesigcie sccm sae otras ae $250,000 
Capacity, tons; 

Feed coal per day (24 hr.)... 316 

Feed coal per year (330 days).| 104,300 


Char per year (based on 80 per 


cent Yield) icaa.o05 oat ae oie ale 83,500 
Operating costs: 4 
Coal at $4.12}4 per ton deliv- 
ered (dry basis)........... $430,000 
Labor tiavueit eee bee close F 47,500 
Supervision and chemist 7,000 
Power, 292 net hp. at $0.003 
per low=hr.é 5 sn <ccciiasie as 7,400 
Fuel, equivalent 2 tons per day 
at $4.12}4 perton........ 2,720 
Water, make-up only, 50 gal. 
per min. at $0.04 per 1000 
al ale aventura tothe eres Rieneayeue 950 
Repairs and Supplies $0.10 per 
ton feed, material only... 10,430 


A. Total operating costs. ..| $506,000} $6.60 
Credits: 

Crude tar 35 gal. per ton, 

3,655,000 gal. at 5¢ per 

FOS Sonn ciartniiee eh clainiot ee 


B. Total credits........%. $183,000] $2.19 


Net cost without fixed charges (A 


iminus: B) slat piodeee see $323,000) $3.87 
Fixed charges, 2.5 per cent taxes 
and insurance s,t cise ces $ 6,250 -07 


Net cost at coke plant without 
depreciation s6/¢vsissie nigh cme 


LABOR AND SUPERVISION 


Men | Num- ‘ 
Labor per | ber of asp Hourly Daily 
Shift |Shiftse| Hours] Rate Cost 
Retort at- 
a eee I 3 24 1.00 | $ 24.00 
plant at- 
moe I 3 24 0.90 21.60 
ance 
crew. 2 I 16 1.00 16.00 
Labor..... 2 3 48 0.80 38.40 
Foremen..| 1 Pe 24 I.a5 30.00 
Total 
daily 
labor 
Be : : $ 130.00 
labor 
cost... $47,500.00 


¢ Labor shifts 8 hours. 


. 
. 
. 
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coke yield from the high-temperature 
ovens when using various percentages of 
coal and char mixtures. 

To arrive at the cost of a given mix to 
high-temperature ovens, it was necessary, 
therefore, to estimate the cost of the char 
entering into this mix. Tables 7 and 8 


indicate how the estimated cost of this 
_ char was arrived at; first on the basis of 


“790 tons per day, which would be the coal 


requirement to the low-temperature retorts 
for a 25 per cent char mix, and 316 tons 


per day, which would be the coal require- 


ment to the low-temperature retorts for a 
ro per cent char mix. For the larger amount 


~ of char required, the cost per ton of char 


‘figured out at $3.68 per ton and for the 


smaller amount this cost was $3.94 per 


‘: 


ton. These costs do not include deprecia- 


_ tion, as it was thought best to make up the 
figures on the basis of yearly savings due 
_ to the use of char, without plant deprecia- 


tion, thereby permitting the reader to 
determine readily how long it would take 
a blast-furnace operator to pay for the 


original investment for making char. 
No credit is taken for light oil in the 
char plants but 2 gal. per ton is assumed 


_ for the entire charge to the high-tempera- 


~ ture ovens. The amount of gas produced 


_ by the char plants is about equal to the 


amount of gas required to heat the retorts, 


so that no charge or credit is taken or 


given to the low-temperature plant for 


the gas used or produced. A greater per- 
centage of the gas is retained by the char 
and is available from the high-temperature 
coking process. 

If a low-temperature char plant for 


¢ producing sufficient char for a 25 per cent 


mixture would cost $700,000, and if the 
yearly savings due to the use of this char 
were $381,000, as indicated, an investment 
in the char plant could be paid for in 
approximately one year and ten months, 


and thereafter the yearly savings should 


ge ME 


be $381,000. While further investigations 


and discussions might change these over- 
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all figures, there is a very definite indication 
that under these conditions an investment 
in a low-temperature char plant would be 
a profitable venture. 

The figures given herein would change 
considerably for char plants in the Chicago, 
Pittsburgh, or other districts, but it is 
interesting to note that fundamentally 
there seems to be a reason for the use of 
low-temperature char for this purpose at 
locations where the cost of low-volatile 
coal is appreciably higher than the cost 
of a suitable char. 


DISCUSSION 
(H . H. Lowry presiding) 


C. E. Lesner,* Pittsburgh, Pa.—I have just 
one question. Did you experience any difficulty 
in mixing the char with the coal in preparing it 
for charging into the high-temperature ovens? 


G. V. Woopy (author’s reply).—As far as I 
know, there was no difficulty in that respect. 


C. E. LesHer.—We discussed much the 
same subject at Cleveland last October, and 
we realize that this is a very, very important 
contribution, and to the extent that the results 
at Pueblo can be duplicated elsewhere it will 
be an important matter for all coke-oven 
operators making metallurgical coke. 

Many of us are still wondering why it is that 
when a low-temperature coke is mixed with a 
high-volatile coking coal a good metallurgical 
coke is made, but when a high-temperature 
coke breeze is mixed with the same coal the 
result is quite different. I think that there is a 
subject here for a considerable amount of 
additional research. 


C. C. Russett,} Kearny, N. J—It was my 
good fortune to visit the Colorado Fuel and 
Iron Co. periodically to observe at first hand 
the work that Mr. Price and Mr. Woody have 
so ably described. The work covered by the 
report extended over a period of several years 
and the many details of the problem that were 
all thoroughly investigated with great care 
have been condensed into this excellent report. 


* President, Pittsburgh Coal Carbonization 


Company. 
+ Research Department, Koppers Company. 


338 


A very material improvement in the physical 
properties of coke is shown to be obtained by 
low-temperature char mixed with the high- 
volatile Colorado coal. One of the interesting 
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Fic. 13.—SHRINKAGE OF COKE MADE AT 


DIFFERENT TEMPERATURES. 


findings of this work is that there is a critical 
volatile matter content of the char that has a 
value between 18.5 and 19.5 per cent. The fact 
that a satisfactory char could be made from a 
noncoking coal as well as from the coal regu- 
larly used for coking is an item of particular 
interest also. 

The mechanics of the reactions by which the 
char causes coke improvement needs some 
clarification, for, aside from the volatile matter 
content, the physical and chemical properties 
of the char are quite different from those of 
low-volatile coal. Although the char may have 
some slight residual coking properties, it cer- 
tainly does not have the swelling properties 
of low-volatile coal, nor would it create pres- 
sure against oven walls or expand if coked 
alone in an oven. It is known that char will 
shrink if reheated and brought up to the tem- 
perature of high-temperature’ coke ovens. 
Many high-volatile coals when coked alone 
produce coke that is excessively fractured, and 
this is due to the high over-all shrinkage of the 
charge. Admixture of low-volatile coal with 
high-volatile coal reduces the amount of frac- 
tures, owing undoubtedly to the reduction in 
the amount of shrinkage. It is also well known 
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that admixture of coke breeze, fine anthracite 
petroleum coke, and char with high- volatile 
coals reduces the amount of fractures, and 
here again it may be presumed that the cause 
is reduction in shrinkage. It is shown that coke 
breeze and anthracite produce coke of inferior 
physical properties, whereas a small improve- 
ment is obtained with petroleum coke, .and 
with char. The question may now be raised 
as to why this is so. - 
The data in Fig. 13, obtained in our Labora~ 
tory in the study of the shrinkage of coke, 
shows the change in linear dimension of two 
pieces of coke during heating from room tem- 
perature to 1000°C. (1832°F.). The coke made 
in the temperature range of 940° to 975°C. 
shows a small but continuous expansion 
throughout the heating, whereas the coke made 
in the temperature range of 490° to 550°C. — 
expands up to about 500°C. then starts con- 
traction, and at 600°C. a very rapid contraction 
begins. Coke breeze will have the charac- 
teristics of the high-temperature coke whereas ~ 
char will have the characteristics of the low-_ 
temperature coke. Prof. W. Swietoslawski has 
suggested, in his monograph on Coke Forma- 
tion Process and Physico-Chemical Properties 
of Coals, that char must have the contraction 
characteristics of the semicoke just emérging 
from the plastic state, in order to produce the © 
most satisfactory physical characteristics in 
the coke. The data presented appear to sub- — 
stantiate that idea and also indicate why coke 
breeze is not a satisfactory material to mix with 
coal to improve the physical properties of the 
coke. 
Although Professor Swietoslawski also makes 
the statement that char must be made from the 
coal with which it is to be mixed, if the above 
explanation is correct it should be possible to 
make a satisfactory char from any coal pro-— 
viding that suitable heat-treatment can be 
found so that the char produced has substan- 
tially the same contraction chracteristics as the 
semicoke. This may explain why the Kebler 
coal produced a satisfactory char and the fact 
that the best results were obtained from char 
made from 100 per cent Kebler coal may be 
due to more uniform heat-treatment because 
of the noncoking nature of the Kebler coal. 
If the contraction characteristic of the char 
is the essential factor in the production of 
satisfactory coke from coal-char mixtures, and 
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there is a critical volatile matter of the char, 
the volatile matter of the char may be simply a 
measure of the critical contraction characteris- 
tics. It is probable that char made from other 
coals would have a different critical volatile 
matter because its critical contraction would 
occur at some other volatile content. The fact 
that the char made from the subbituminous 
_ coal tried did not give satisfactory results may 
_ have been because critical contraction occurs 
at some other volatile content than 19 per cent. 
Another factor should not be overlooked in 


é these considerations—the inert or infusible 


_ material mixed with the coal should have the 
ie characteristic of being readily wet by the coal 
when it is in the plastic state. Coke breeze may 
not be wetted by the plastic coal, whereas the 
- char may be easily wetted. There is no techni- 
_ cal information on this factor but it should not 
_— be forgotten. 
____The application of this process to coke-oven 
plants in the East will depend undoubtedly on 
__the economics of manufacture of char as com- 
-_ pared with the cost of low-volatile coal. The 
fact that great difficulty has been encountered 
in the production of char from strongly coking 
coals is a disadvantage in the East for, so far 
as is known, there are no noncoking coals in 
- the Appalachian region. 


F. Purentnc,* Bethlehem, Pa.—I think I 
- should mention an English book by Mott and 
~ Wheeler, which was published about three 
-years ago and of which very few copies are in 
this country. I happen to have one, and there 
are important chapters in that book on just 
- this subject. 
The results do not agree with what we have 
heard. Their finding is that a char made at a 
low temperature is really not the best, but 


the best substance. They undercoked coal in a 
high-temperature oven by 4 hr. Normal coking 

time was 12 hr. The oven was only 12 in. wide. 
- They undercoked it by 4 hr. and made a 
medium temperature coke, which by far 
excelled all the other substances that could be 
added to coal. To wit, it was better than high- 

~ temperature coke breeze, petroleum coke, low- 
temperature coke of any description and low- 
temperature coke that had been superheated 
to imitate high-temperature coke breeze. 


i ' * Bethlehem Steel Company. 


that a medium temperature coke is by far . 
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They wound up with the conclusion that 
high-temperature breeze is second best. They 
point out that high-temperature breeze is 
really a medium temperature coke breeze 
because usually it is generated from the center 
of the charge. The inner portions of a piece of 
coke are more friable, more porous, and con- 
tribute more to the quantity of the coke breeze, 
and these inner portions can be assumed to 
have been made at medium coking tempera- 
tures, and not at high coking temperatures. 

However, high-temperature breeze was only 
second best. The very best was medium tem- 
perature coke, and thinking about this, it 
occurred to me that perhaps the reported 
observation that high-temperature breeze is 
not so good has not much to do with the exact 
coking temperature, but with the fact that the 
ordinary high-temperature coke breeze is very 
much higher in ash than a char that has been 
made from too per cent of coal. 

If, for instance, I take a char made at any 
temperature from a Ioo per cent coal, it may 
have to per cent ash. If, however, I first put 
the same coal into a coke oven and then collect 
the coke breeze, I find that it has 20 or 22 per 
cent ash, and we all know that coal ought to be 
washed and that coke is improved if ash is 
reduced; therefore, why should not the char 
made from 1oo per cent coal be better than 
breeze collected from the remnants of high- 
temperature coke having at least twice as much 
ash? 


G. V. Woopy.—I want to say one thing 
about Dr. Puening’s remarks about high-ash 
coke breeze. I happen to know of some experi- 
mental work that was done where the coke 
breeze was made from low-ash coke, and while 
it made better coke than high-ash breeze the 
results did not compare favorably with the 
results that have been obtained from using 
the low-temperature char, or medium tempera- 
ture char, as the case may be. 


A. C. Frerpner,* Washington, D. C.—I 
think we are all very fortunate that this paper 
has been presented and gets into the records, 
because it adds some experimental information 
that has been conducted with our American 
coals. Undoubtedly, as we study them we find 
differences between these results and others, 


* Chief, Fuels and Explosives Service, U. S. 
Bureau of Mines. : 
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and as we study it more we will probably find 
the reasons for them. It certainly is important 
for the future that we know much more about 
possibilities of blending, especially in the re- 
gions where no low-volatile coals are available. 


MEmMBER.—May I ask the size of the particles 


PRODUCTION AND USE OF LOW-TEMPERATURE CHAR 


that you blend with the high-temperature coke _ 
from the Hayes ovens? 


G. V. Woopy.—The Hayes oven product 
was about minus }4 in. as discharged. It was | 
ground down so that about 75 or 80 per cent — 
passed a }-in. screen and then blended with 
the coal, which was about the same size. 


Bureau of Mines Research on the Hydrogenation and Liquefaction 
of Coal and Lignite 


By Arno C. FretpNer,* MeEmBer A.I.M.E., Henry H. Storcu} anp Lester L. Hrrstt 


(New York Meeting, February 1944) 


EXPERIMENTAL work on liquefaction of 
coal was taken up by the Bureau of Mines 
in 1936 when it became evident that a 
prudent policy from the national point of 


- view should include preparation for the 


time when gradual exhaustion of petroleum 


resources would require supplementing the 


growing demand for motor fuel with gaso- 


line and diesel oil from coal, At that time 
(1936) certain foreign nations that had 
no home sources of petroleum, especially 


2 Germany, England, and Japan, were con- 


ducting active research and at least two 


of them were producing liquid fuel from 


coal on a commercial scale. Germany was 
reported to have an annual producing 
capacity of 800,000 metric tons of gasoline 
per year, and England had just put into 
operation the Billingham plant of Imperial 
Chemical Industries for the hydrogenation 


 ~ of bituminous coal and tar by the Bergius- 


ee 


I.G. process. The annual capacity of this 
plant was about 150,000 long tons of gaso- 


- line per annum (3500 bbl. per day). 


With these developments taking place in 
foreign countries, it seemed important to 
undertake a long-range program of funda- 


_ mental research in this country to establish 


a sound groundwork for the evaluation of 


Published by permission of the Director, 
Bureau of Mines, U.S. Department of Interior. 
Manuscript received at the office of the Insti- 
tute May 8, 1944. Issued as T.P. 1750, August 
794Chief, Fuels and Explosives Service, 
Bureau of Mines, Washington, D.C; f 

+ Supervising Chemist, Physical Chemistry 
and Coal Hydrogenation Section, Central 
Experiment Station, Bureau of Mines, Pitts- 
burgh, Pa. 

¢ Senior Physical Chemist, Coal Hydro- 
genation Section, Central Experiment Station, 
Bureau of Mines, Pittsburgh, Pa. 
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foreign work on synthetic liquid fuels and 
at the same time to obtain data on the oil 
yields and operating difficulties using 
various kinds of American coals and lignite 
to the hydrogenation process, The results 
of such research would be useful in deter- 
mining the yields and quality of liquid 
products obtainable from various coals so 
that American industry would be in 
position to select the most suitable coals 
and make rapid progress in establishing 
this new industry when the commercial 
need should arise. It was hoped, also, that 
progress in a better understanding of the 
chemistry of coal hydrogenation would 
reduce the cost of the process materially. 

To carry out this program, a small con- 
tinuous unit capable of hydrogenating 
100 lb. of coal in 24 hr. was installed at the 
Central Experiment Station of the Bureau 
of Mines at Pittsburgh, Pa. Small steel 
autoclaves or bombs of 0.3 gal. (1.2 liters) 
capacity also were used for batch-hydro- 
genation experiments in the study of the 
chemical fundamentals of the process. 
Much valuable assistance was obtained in 
planning the experimental program and 
designing the equipment from the Fuel 
Research Station of Great Britain and the 
Fuel Laboratories of the Mines Depart- 
ment of Canada, where such investigations 
had been in progress for several years. 


EQUIPMENT AND GENERAL PROCEDURE OF 
RESEARCH 


The industrial liquefaction of coal by 
the Bergius-I.G. hydrogenation process 
as practiced at Billingham, England, from 
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1935 to 1937, is carried out in two stages; 
first, in ‘the primary or liquid phase, and, 
second, in the vapor phase, Liquid-phase 
hydrogenation is accomplished by mixing 
a small amount—usually less than o.1 
per cent of the weight of the coal—of a 
suitable catalyst, preferably a compound 
of tin, with approximately equal parts of 
powdered coal and heavy oil previously 
obtained in the process, and pumping this 
paste through a preheater in a_ high- 
pressure steel vessel through which hydro- 
gen gas also is pumped at a pressure of 
about 3000 lb. per sq. in. The preheater 
raises the temperature of the reacting mass 
to about 860°F. (460°C.). The oil product 
from the reaction vessel is separated from 
the solid residue of ash-forming material 
and unliquefiable carbonaceous matter, 
and is distilled into light, middle, and 
heavy-oil fractions, 

_ The light oil is refinéd to gasoline. The 
middle oil is hydrogenated further by 
pumping it in the vapor phase together 
with hydrogen at a similar high pressure 
and temperature through a second high- 
pressure vessel containing a fixed catalyst, 
such as molybdenum or tungsten sulphide. 
The heavy oil goes back into the process 
to serve as the liquid vehicle that is mixed 
with the powdered coal. 

The octane rating of the gasoline 
obtained in the process as operated a few 
years ago was 70 to 75. By the addition 
of 3 c.c. of tetraethyl lead per gallon the 
octane number can be increased to 80 or 
85. Iso-octane synthesized from the butanes 
produced as a by-product in the process 
may be added to the gasoline along with 
tetraethyl lead. The resultant product is 
a very high-grade aviation fuel. 

Four to five tons of high-volatile bitumi- 
nous coal, 7 tons of subbituminous coal, 
or 9 tons of lignite are required to produce 
one short ton of gasoline (0.6 to 0.8 short 
ton of bituminous coal, 1 ton of sub- 
bituminous coal, or 1.3 ton of lignite per 
barrel of gasoline). These figures include 
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the coal needed for power, steam, and 
hydrogen used in the process, These re-_ 
quirements are based or the assumption _ 
that oils heavier than gasoline will be 
recycled until all are hydrogenated to form 
gasoline and lighter products, The vapor- — 
phase step may be omitted and the middle | 
oil from the liquid-phase stage may be 
separated by distillation into diesel-oil and 
fuel-oil fractions. - 

Since the primary objective of the 
Bureau of Mines research was the assay 
of the. hydrogenating properties of the 
various American coals and lignites, most — 
of the experiments were confined to the 


primary or liquid-phase stage of hydro- ; 


‘ genation. In other words, the liquefaction — 


of coal was conducted in most mia 
to produce a crude oil only. A small amount 
of vapor-phase hydrogenation was carried — 
out during the last year, and some of this — 
gasoline was used with satisfactory results : 
in automobiles, tanks, and airplanes. : 
The hydrogenation and liquefaction of : 
coal is a complex chemical process, To — 
produce a petroleum-like material, the 
ratio of the number of hydrogen atoms to 
carbon atoms in bituminous coal (which — 
is about 0.83 for bituminous coal and 1.66 
for petroleum) must be doubled. Also, most 
of the oxygen, nitrogen, and sulphur must 
be removed, and the coal molecules must 
be dissociated or “cracked” until their 
molecular weight approximately equals 
that of petroleum molecules, Prior to 
actual thermal “cracking,” depolymeriza- 
tion and colloidal dispersion of the coal sub- 
stance no doubt takes place, owing to the 
solvent action of the liquid vehicle, which 
also may act as a carrier of hydrogen in the 
converter, The dissolved hydrogen ora com- — 
ponent of the vehicle which readily yields 
hydrogen reacts immediately with the coal 
molecules while they are in the dispersed — 
state and thus prevents repolymerization 
and formation of solid aggregates, Many of 
the chemical reactions are speeded up by 
a suitable catalyst and different catalysts — 
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effect different reactions, thus influencing 
the composition of the products. It is 
obvious that a scientific study of the funda- 
mentals of coal hydrogenation should in- 
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flushed from the autoclave with hydrogen, 
more hydrogen was introduced until the 
desired initial pressure of 1000, 1500 or 
1800 lb, per sq. in. at 68°F. (20°C.) was 


cae 16” 


_ clude experiments on the effect of numerous 

variables, such as temperature, pressure, 
time of reaction, nature of vehicle, and 
composition of catalysts as well as the 
~ petrographic composition of the coal. 
~ Much of this research is best conducted 
with small rotary autoclaves, in which 
conditions can be controlled accurately. 
- The results obtained are indicative of those 
in a commercial plant but must be supple- 
~ mented by continuous hydrogenation in a 
-Jaboratory-scale pilot plant designed to 
follow the flowsheet proposed for com- 
- mercial operation. Both methods were fol- 
lowed in the Bureau program. 


BatcH HyDROGENATION IN SMALL 
Roratinc AUTOCLAVES 


Description of Apparatus and General 
, Experimental Procedure 


_ The autoclave used in the Bureau experi- 
ments consisted of a cylindrical bomb of 
0.3 gal. (1.2 liters) capacity forged from 
18 Cr, 8 Ni stainless steel, Its construction 
_is shown in Fig. 1 and the rotating mecha- 
‘nism and electric heater appear in Fig. 2. 

” The following procedure was used in 
most of the experiments.1 A mixture of 
1.75 to 3.50 oz. (50 to 100 grams) of pulver- 
ized coal, an equal amount of tetrahydro- 
naphthalene, and 1 per cent by weight of 
the coal of stannous sulphide was placed 
in the autoclave. After the air had been 


1 References are at the end of the paper. 
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Fic, 1.—CROSS SECTION OF HYDROGENATION BOMB. 


reached. The hydrogen line was then dis- 
connected and the rotating autoclave was 
heated to the desired maximum tempera- 
ture at the rate of 3.6° to 5.6°F. (2° to 4°C.) 
per minute, and maintained there for 
3 hr. The maximum temperature in most 
of the experiments was 725° to 806°F. 
(385° to 430°C.). After the bomb had 
cooled to room temperature, the gaseous, 
liquid and solid contents were separated, 
measured and analyzed. The percentage 
liquefaction is defined as too minus the 
percentage of acetone and benzol-insoluble 
material. This residue consisted of the ash- 
forming material plus the unliquefiable 
carbonaceous matter, The oil was distilled 
up to 410° or 428°F, (215° or 220°C.), The 
distillates were mixtures of tetrahydro- 
naphthalene vehicle, small amounts of 
naphthalene, and light oils from the coal, 
and the distillation residues were black, 
semisolid pitches. The distillates were 
analyzed for tar acids, tar bases, olefins, 
and aromatics, 

The most significant result obtained in 
the autoclave tests is the percentage lique- 
faction, which includes all gaseous and 
liquid products and such solid products as 
are soluble in acetone or benzol. 


Relation of Rank and Type of Coal to Yield 
and Composition of Liquefaction Products 


It has been generally recognized by 
European and British investigators that 
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the degree of liquefaction of a coal in the 
hydrogenation process varies inversely 
with the rank of the coal; that is, with the 
extent of metamorphism from lignite to 
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coals were selected for the study of the: 
effect of rank on the hydrogenation of’ 
coal, This procedure minimized the obscur- | 
ing effect of differences in petrographi 


anthracite. Less has been published on the 
effect of the type of the coal as expressed 
by its petrographic composition and the 
nature of the plant constituents from which 
it originated. The late Dr, Reinhardt 
Thiessen, outstanding authority on the 
paleobotanical composition of coal, sug- 
gested that variations in the plant entities 
or petrographic constituents of coals in 
many instances probably would obscure 
the effect of rank in the examination of 
coals in the progressive series from lignite 
to anthracite. Therefore, in the Bureau 
research attention was given both to the 
rank and the type of the coals, and lique- 
faction tests were made of carefully selected 
samples of the banded and petrographic 
constituents of coals of various ranks, 


Effect of Rank on the Hydrogenation of 
Anthraxylon and Bright Coals 


Anthraxylon (vitrain), the principal 
constituent of bright coals, and bright 


Fic. 2.— HYDROGENATION BOMB AND A 


CCESSORY EQUIPMENT. 


composition, The coals ranged in rank 
from peat to anthracite (carbon content 
from 55.5 to 94.9 per cent of the dry, ash- 
free coal), From these investigations, 
Storch)? and his associates have drawn 
the following conclusions on the effect of 
rank as indicated by the total carbon 
content of the dry, ash-free coal on various” 
features of the liquefaction of coal by 
hydrogenation: : 

1, Degree of Liquefaction.—Peat, lignite, 
subbituminous coal and high-volatile bitu- 
minous coal are almost completely ‘lique- 
fied,” Fig. 3 shows that the percentage 
liquefaction at optimum temperature and 
pressure varies from 95 to 98 per cent for 
anthraxylons and bright coals in the range 
of rank below go per cent carbon. Owing 
to the advanced degree of coalification, 
decreased chemical activity, and increased 
thermal stability, coals containing more 
than 90 per cent carbon were less com- 
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“pletely liquefied, as shown by the sharp 


upswing of the curve in Fig, 3. 

2. Yield of Oil and Pitch—On account 
of the difficulty of making accurate 
separation of the light oil distilling up to 
428°F. (220°C.) from the tetrahydro- 
naphthalene (C9H12) vehicle (boiling point 


-404°F, or 207°C.), no attempt was made 


~to measure the yield of these light oils. 


From the hydrogen mass balance, it was 


calculated that these oils comprise 10 to 
_ 30 per cent of the yield of pitch. The black, 


‘semisolid or solid residue from this dis- 


tillation, designated as pitch, comprised 


30 to 80 per cent by weight of the dry, 


-ash-free anthraxylons, and from 35 to 


70 per cent of the dry, ash-free bright 


coals. As shown in Fig. 4, the yield of pitch 
is directly proportional to the carbon 
content up to about go per cent carbon. 


This point approximates the boundary line 


~ or rank between high-volatile and medium- 


~ volatile 


bituminous coal. Beyond this 


_ point the yield of pitch decreases because 
- liquefaction is incomplete and high yields 


of 


insoluble carbonaceous residues are 
obtained, Coals containing more than 89 


_ per cent carbon, on the dry, ash-free basis, 


such as medium-volatile and low-volatile 


bituminous coals and anthracitic coals are 


: unsuitable under conditions appropriate 
for commercial hydrogenation, 


4 


The viscosity of the pitches increased 


with the rank of the coal. The pitches from 


- high- rank anthraxylons were brittle, friable 


solids at room temperatures, Those from 
_ low-rank coals were semisolid. Since this 
heavy oil or pitchlike product is used as a 
ae or \“‘pasting-oil,” in the com- 


+ 


_ mercial hydrogenation of coal, its viscosity 
~ is of practical importance, 

3. Yield of Gases and Consumption of 
_ Hydrogen.—The total yield of gases, ex- 
_ cluding hydrogen, decreased from a maxi- 


mum of about 24 per cent by weight for 


i 


‘ 


-. 
2 
o 


a 


peat to a minimum of about 1 per cent 
for anthracite. The decrease in gas yield 
has a general ‘relationship to increase in 
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rank of the coal. This decrease is largely 
on account of the decrease in yield of 
carbon dioxide as the oxygen content of 
the coal decreases. The removal of oxygen 
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CARBON CONTENT OF ANTHRAXYLON, PERCENT 
(MOISTURE AND ASH-FREE COAL) 


Fic. 3.—RELATION BETWEEN CARBON CON- 
TENT OF ANTHRAXYLON AND YIELD OF INSOLU- 
BLE RESIDUE PRODUCED BY HYDROGENATION AT 
806°F. (430°C.), 1000 POUNDS PER SQUARE INCH 
INITIAL HYDROGEN PRESSURE. 

a, Yield of residue obtained by hydrogen- 
ation of anthraxylon from anthracite, 1800 lb. 
per sq. in. initial hydrogen pressure, was more 
than 95 per cent. 


as carbon oxides instead of as water is 
a very fortunate circumstance in the 
hydrogenation of lignite and subbituminous 
coal, because it greatly reduces the excess 
hydrogen that otherwise would be required 
in the utilization of these low-rank high-. 
oxygen coals, About the same amount of 
hydrogen was required per ton of dry, 
ash-free coal to liquefy coals of different 
rank, The hydrogen consumption was 
affected much more by the pressure than 
by the rank of the coal, In the continuous 
hydrogenation experiments to be described 
later, the consumption of hydrogen per 
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ton of oil produced was somewhat greater 


for lignites than for bituminous coals, 


4. Yield of Phenols and Tar Acids.—The 
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00 Ib. per sq. in., initial H pressure 
00 Ib. per sq. in., initial H pressure 
1800 Ib. per sq. in., initial H pressure 


: 
amounts large enough to be of commercial 
importance as raw material for the plastics 
industry. : 
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yield of phenols in per cent by volume of 
the distillate up to 428°F, (220°C.) in- 
creased with decreasing carbon content, 
from an average of about 2 per cent for 
low-volatile and medium-volatile bitumi- 
nous coals to about 6 per cent for lignite, It 
is the increasing content of oxygen as the 
rank of coals decreases that is responsible 
for the increasing content of phenols and 
tar acids in the hydrogenation products. 
These compounds can be obtained in 


80 84 88 92 
CARBON CONTENT OF COAL, PERCENT (MOISTURE AND ASH-FREE BASIS) 


Fic. 4.—RELATION BETWEEN CARBON CONTENT OF COAL AND YIELD OF PITCH AND WATER PRODUCE 
BY HYDROGENATION. 


Effect of Type and Petrographic Constituents 

on Hydrogenation of Coal 

The experiments with anthraxylon and 

bright coals showed that they were almost 

completely liquefied under appropriate. 
conditions in the range of rank from lignit 
to and including high-volatile bituminou 
coal, As the fixed carbon or total carbo 
content increases above this rank, as i 
medium-volatile, low-volatile, and anthra 
citic rank, the anthraxylon becomes pro- 
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gressively more refractory to liquefac- 


\ 


tion. Anthraxylon is the principal petro- 
graphic constituent of bright coal, which 
comprises most of our American common 
banded coals. About 50 to 75 per cent of 
the petrographic composition of bright 
coals is anthraxylon. Most of the remainder 
is translucent attritus, which also is 


liquefied to a high degree in the ranks below 


medium-volatile bituminous coal, The con- 


tent of opaque attritus plus fusain seldom 


exceeds 20 per cent. 


Splint and semisplint coals, on the other 


hand, contain much less anthraxylon— 


larger proportions 


usually less than 50 per cent—and much 
of opaque attritus. 


- Banded coals containing 30 per cent or 


‘more of opaque attritus are classified as 


splint coals, Coals with a content of opaque 


_ attritus between that of bright coal (under 


20 per cent) and splint coal (over 30 per 


cent) are designated as semisplint. Pure 
opaque attritus, the characteristic con- 
 stituent of splint coals, is very difficult to 


_ separate from the coal, hence its chemical 


and hydrogenation properties were not 


determined by a study of pure samples. 


_ Therefore the properties of opaque attritus 
_ were determined by hydrogenating splint 
- coals that contained 60 to 80 per cent of 


this constituent. Many splint coals contain 
appreciable quantities of translucent degra- 
dation matter, resins, spore-coats, and oil 


4 algae and experiments described later 


show that these substances are liquefied 


~ readily with high yields of oil. 


Influence of Content of Opaque Aliritus on 


the Degree of Liquefaction 


The results of liquefaction tests on a 


series of splint and semisplint coals indi- 


>. 


cated relatively low liquefaction yields. 


‘The amounts ranged from 60 to 87 per 


cent of the dry-ash-free coal as compared 
with 95 to 98 per cent for anthraxylons 


eee 


from bright coals of high-volatile bitumi- 
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nous and lower rank. The average lique- 
faction of opaque attritus from bituminous 
coals (at 806°F. for 3 hr. in the presence 
of stannous sulphide, and with an initial 
hydrogen pressure of 1000 lb. per sq. in.) 
was about 60 per cent; however, the 
liquefaction yield for individual samples 
of opaque attritus ranged from about 
40 to 80 per cent. It is evident from this 
work and that of other investigators that 
splint coals are not as suitable for hydro- 
genation as bright coals. 

Hydrogenation of Hand-picked Fusains,— 
Of all the petrographic constituents of coal, 
fusain has the highest degree of opacity to 
transmitted light in thin slides under the 
microscope, the least chemical reactivity, 
the lowest content of hydrogen and oxy- 
gen, and the highest carbon content in 
coals of the same rank, 

In order to determine the degree of 
liquefaction of fusain seven different 
samples were isolated from bituminous 
coals from the eastern states and one from 
a Wyoming subbituminous coal, These 
specimens, tested by the usual procedure of 
batch hydrogenation in the small autoclave 
showed from to to 55 per cent liquefaction. 
The highest liquefaction was obtained with 
the lowest rank of coal tested, a sub- 
bituminous C coal from Wyoming, and 
the lowest liquefaction was obtained with 
a fusain taken from a medium-volatile 
bituminous coal from the Beckley bed of 
West Virginia. It appears that increasing 
carbon content and increasing rank of the 
parent coal bed leads to increasing carbon 
content of the fusain layers in it, and a 
roughly parallel reduction in their degree 
of liquefaction. It is evident also that the 
presence of translucent matter in the 
fusain contributes to increased hydro- 
genation yields. Microscopic examination 
of residues from the hydrogenation of 
fusain indicated that practically all of any 
translucent matter visible in the fusain 
before hydrogenation had disappeared, © 
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Hydrogenation of Cannel Coals and Their 
Petrographic Constituents 


Autoclave tests of eight different samples 
of cannel*coals indicated that 68 to 93 per 
cent of the dry, ash-free organic matter 
was liquefied, The average percentage was 
84. These results are somewhat less—from 
5 to 8 per cent in most instances—than for 
bright coals, The lower yield probably is 
due to the frequency of larger percentages 
of opaque attritus being found in many 
cannel coals, The opaque attritus in the 
samples tested ranged f! m 4 to 49 per 
cent. Usually, the predominant petro- 
graphic constituent of cannel coals was 
translucent attritus that contained large 
quantities of spore-exines, translucent 
degrada tion matter or resins. Hydrogen- 
ation tests of spore-exines separated from 
coals, and modern lycopodium spores 
indicated that these constituents were 
liquefied to the extent of about 96 per cent. 
Resins from coal and from modern pine 
trees were almost completely liquefied; 
that is, 98 to 100 per cent, 

No typical boghead coals were available 
for test. A boghead cannel from West 
Virginia gave only 77.2 per cent liquefac- 
tion yield, but this sample contained 30 
per cent of opaque attritus, which would 
detract materially from its amenability to 
liquefaction, An oil-shale sample from 
Estonia, which contained a large per- 
centage of oil algae and therefore might 
be considered to be a boghead coal, was 
easily liquefied, the yield being 98 per cent. 
Therefore, it is probable that oil-algae 
remains in coal can be almost. completely 
liquefied, The nonbanded cannel and bog- 
head types of coal, in general, are liquefied 
to a lesser extent than bright coals of the 
same rank but to a greater extent than 
splint coals, 

Summary of Ease of Liquefaction of Coals 
of Difficult Ranks and Types and Their 
Petrographic Constituents —A summary of 
the ease of liquefaction of coals of different 
ranks and types and of their principal 
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petrographic constituents is given in 

Table 1, The range of liquefaction yields 
given in the table are based on the batc ‘ 
hydrogenation experiments made by oe 
Bureau of Mines and are to be considered. 

as tentative only, as the tests did not cover 
enough different coals for final figures. 
The average yields for high-volatile bitu-— 
minous coals probably are above the 
median figure of the range and the average 
yields for subbituminous coals poe 
are below the median. Most fusains 

mechanically separated from bituminous 

coals probably will be between 10 and 25 
per cent liquefiable. In the petrographic _ 
analysis of coals, the reported fusain 
does not include the small amounts off 
translucent matter which adheres to hand-_ 
picked fusain and therefore the petro 
graphically estimated fusain is assumed to — 
contain no liquefiable carbonaceous matter. 


TABLE 1.—Liquefaction Yields of Coals o 
Different Ranks and Types and of 


Their Petrographic Constituents 
4 LIQUEFACTION 
YIELD, PER © 
CENT BY 
WEIGHT OF 
Dry, ASH-FREE 


RANK, TYPE, OR PETROGRAPHIC Coat, UsuaL 


CONSTITUENT RANGE 
Anthracitio rank: *e. 20s: bs. vee ate oe Less than 70 
Bituminous low-volatile rank....... 70 to 90 
Bituminous medium-volatile rank. .. 75 to 05 
Bituminous high-volatile and sub- 

DILUMInOts TANES, oon. Mele ves soe wk 85 to 96 
Lipnitic wanes si. sc 6% deick'a.cbl de ae 90 to 97 
Bright coal type below medium- 

moratile tarts assets: hres 85 to 07 
Splint and semisplint coal types..... 65 to 85 
Cannel and boghead coal types...... 70 to 98 
Translucent anthraxylon, translucent 

attritus, spore-exines, and algae 

TAMBING crise alsin aie: gis «Abies myenre topes 95 to 98 
Resins..... Scaivipietdlaisieibla Bre wrcherats cree 98 to 100 
Opaque attritus. (06 ten ec. stan 40 to 80 

MUSLIN os ieee 050 ae Sia ie Mas a wins Bg wren Io to 50 


From this investigation it is evident 
that only the common banded bright coals 
ranging in rank from lignitic to high- 
volatile bituminous inclusive are to be 
considered as potentially suitable for 
commercial hydrogenation, A few cannel 
and boghead coals that are low in fusain 
and opaque attritus may be suitable and, 
of course, many bright coals may be un- 
suitable because of a high content of 
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-fusain. and ash-forming material, Splint 


coals and all types of coal above high- 
volatile bituminous in rank are not 


suitable for liquefaction by direct hydro- 


ee er ere 
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sample and from the petrographic com- 
position, as shown in Figs, 5 and 6, These 
graphs are based on the results of the 
Bureau of Mines tests, Fig. 5 gives the 
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© = Coals with less than 12 percent opaque attritus 
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Fic. 5.—RELATION BETWEEN CARBON CONTENT OF PETROGRAPHIC CONSTITUENTS AND TYPES OF 
COAL, AND YIELD OF INSOLUBLE ORGANIC RESIDUE ON DRY, ASH-FREE BASIS.’ 


genation although they can be used for 


the production of synthetic liquid fuels by 
converting them to water gas and then 
hydrogenating the carbon monoxide, 


Approximate estimates may be made of 


‘the degree of liquefaction from the total 


carbon content of the dry, ash-free coal 


relation between the yield of insoluble 
organic residue and the carbon content of 
the dry, ash-free coal, Fig. 6 gives the rela- 
tion between the yield of insoluble residue 
(organic plus inorganic) obtained in the 
hydrogenation tests and that calculated 
from the sum of the ash plus fusain plus 
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38 per cent of the opaque attritus. While 
the results thus obtained are only rough 
estimates, they are adequate for rejecting 
highly unsuitable coals. 
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further vapor-phase hydrogenation, om 
8 gal. of gasoline can be obtained. 


To liquefy coal at industrially feasibll™ 


rates, contact of coal, catalyst, liquid 
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Fic. 6.—YIELDS OF RESIDUE PREDICTED FROM PETROGRAPHY. 


CONTINUOUS HYDROGENATION IN A 3-INCH 
CONVERTER EXPERIMENTAL UNIT? 


Apparatus and Method 


The experimental unit constructed at the 
Pittsburgh Station of the Bureau of Mines 
was patterned after a similar unit designed 
by the Fuel Research Station of Great 
Britain, It has a daily capacity correspond- 
ing to the liquid-phase hydrogenation of 
about 100 lb, of coal from which, with 


Ps = Coals with more than 10 percent opaque attritus 
© = Bright coals with less than 10 percent opaque attritus. 
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vehicle, and hydrogen at a temperature of _ 
752° to 842°F, (400° to 450°C.) and a pres- 
sure of 3000 to 5000 lb, per sq. in. are 
necessary, A flow diagram of the coal- | 
liquefaction unit is shown in Fig. 7, The | 
coal sample is crushed, dried, mixed with — 
catalyst, pulverized in a ball mill to 200 
mesh, and mixed with a little more than 
an equal weight of the liquid vehicle 
(heavy oil from previous runs), The re- 
sultant paste is pumped continuously at a ~ 
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temperature of 212°F. (100°C.) into the 
bottom of the converter with a high- 
pressure paste pump, 

The converter is a forged-steel tube 


Compressor 


Hydrogen 


Hydrogen 
from 
=, storage 


High-pressure 
Paste pu a 


Paste-circulating pump 


from mine 
Tin sulfide- 
molybdic acid 
catalysts Grinder 
and 


mixer Unreacted-coal 
catalyst 


‘made of 18 per cent Cr, 8 per cent Ni, low- 
‘carbon alloy steel. The length is 8 ft., the 
bore 3 in., and the wall thickness 1 in. 
It is heated electrically by a resistance- 
wound furnace. 

The hydrogen is introduced through a 
pipe that enters the top of the converter, 
passes through a preheating coil and then 
ontinues in a straight pipe to near the 
bottom, where it is discharged into the coal 
suspension and serves to agitate the charge 
on its passage to the top. On leaving the 
converter, the gases and light oil vapors 
pass through a waterjacketed condenser to 
the high-pressure receiver. The Hebe oil 
collected in this receiver is termed “‘over- 
head oil,” to distinguish it from the less 
volatile and heavier oil that is discharged 


. 
‘ 
” 


_ 


Light oil and gas 


High-pressure 
water pump 


Reaction chamber 


Slow-up discharge valve 
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as a heavy-oil slurry containing the 
catalyst and ash-forming material, and 
carbonaceous residue from the coal, 

To reduce its viscosity, the discharged 


Circulated gas 


& Back-pressure 
regulator 


(converter) 


High-pressure 
caustic scrubbers 


Light-oil receiver 


Heavy-oil 
slurry receiver 


Fic. 7,—SCHEMATIC FLOW DIAGRAM, BurEAU OF MINES EXPERIMENTAL CoAL HYDROGENATION 
Unit, PITTSBURGH. 


slurry is diluted with some (about 30 per 
cent of the volume of the slurry) of the 
middle oil obtained by fractional distilla- 
tion of the converter overhead oils, and is 
then centrifuged. The centrifuged oil is 
used to provide the vehicle for producing 
the mixture of coal and oil at the head of 
the process. 

The oil vapors carried through the top 
of the converter by the unreacted hydrogen 
gas consist of about 20 per cent gasoline 
boiling below 492°F. (200°C.) and 80 per 
cent of middle oil boiling up to 626°F. 
(330°C.). This overhead oil plus hydrogen 
is passed through a water-cooled condenser 
and then into the high-pressure receiver 
where separation takes place. 
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Liquid-phase Hydrogenation of Pittsburgh- 
bed Coal 


Because Pittsburgh-bed coal is widely 
distributed in Pennsylvania, Ohio, West 
Virginia, and Maryland, and because of its 
similarity in rank and type to the Durham 
bituminous coal used in the Billingham 


commercial hydrogenation plant in Eng- . 


land, it was chosen for the first coal to be 
used in working out a procedure suitable for 
the assay of American coals for hydrogena- 
tion. The samples were secured from the 
Bureau’s Experimental Mine at Bruceton, 
Pennsylvania. 

A large number of runs under various 
operating conditions showed the following 
results: 

1. Increasing the temperature from 
788° to 858°F. (420° to 459°C.) decreased 
the oil yield (benzene-soluble material) 
from 71 to 53 per cent and increased the 
gas yield from ro to 37 per cent of the dry, 
ash-free coal. However, decrease in oil 
yield was more than compensated by the 
increase in gas yield, Liquefaction in the 
sense of decomposition of the coal increased 
with temperature, the percentage of ash- 
free benzene-insoluble residue decreasing 
from 16.3 to 6.3 per cent of the dry, ash- 
free coal. 

2. Increase of contact time produced a 
marked increase of gas yield from 15 per 
cent at 1.6 hr. contact time to 30 per cent 
at 4 hr, contact time and a decrease of oil 
yield from 73 per cent at 1,6 hr. contact 
time to 63 per cent at 4 hr, contact time. 
For contact times less than 1.6 hr, at 
824°F, (440°C.), this trend appears to 
reverse itself, so that shorter contact times 
lead to lower oil yields. The effects of 
temperature and contact time are anal- 
ogous, a higher temperature being equiva- 
lent to a longer contact time, From a 
practical point of view the limiting low 
temperature is determined by the time of 
contact desired and the viscosity of the 
heavy-oil slurry, The slurry obtained at 
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788°F. (420°C.) was as viscous as could 
discharged conveniently at 212°F, (100°C), , 
Greater cracking of hydrocarbons at the: 
higher temperatures is evident in the in-- 
crease of the overhead to heavy-oil ratio) 
from 0.41 at 788°F. (420°C.). to 1.72 
858°F. (459°C.). Similar effects are pro-- 
duced by increase of contact time. 

In the operation of the experimental | 
unit for the liquefaction assay of coals, the } 
overhead to heavy-oil ratio was so adjusted : 
that the amount of the latter equaled the : 
weight of vehicle mixed with the coal| 
charged into the converter. : 

Reviewing all the continuous hydr« 
genation tests made with the Pittsburgh: 
TABLE 2,—Average Yield under Optimum . 
Conditions from the Liquid-phase Hydro- : 
genation of Pittsburgh-bed Coal from U, 

Experimental Mine 


PrRopuct 
Oil product dteccivie Manta eee eee 
Gaseous hydrocarbons, methane to 
butane inclusive, plus carbon oxide 
MASES Cis Sin ee ge Sainae mee eer 
Oxygen, nitrogen, and sulphur hydro- 
genated to water, ammonia, and 
hydrogen’ sulphide... 1g. pies se stains 3-6 
Unreacted fusain and opaque attritus.. 


64-68 


20-25 


PERCENTAG 
CoMPosITION OF OIL PRopuCcT By VOLUM 
Oil boiling in the gasoline range below 
HOLES MSOSRC. ig icicle die ebro le cleat esis os 20 
Oil boiling from 401° to 626°F. (205° to 
SIO°O) a yGoceht careebiante clivisin ouiaaiee 70 
"Tar acids. hiss act uertudo eh ora oars ations 15-18 
‘Tas: bases. ,0n shied canis &.« cle kaviarromene 3-5 
Newtral:ouls. tars aanteats) ovic trap tie tee oe 77-82 
4 PERCENTAG! 
ComPosITION OF NEUTRAL OIL BY VOLUM 
Oletnsscis cise stirs weianie oak epee mile 3-5 
AxcOmatics ifs Bare lucid outiignie tr amid 67-70 


Saturated hydrocarbons (paraffins plus 
naphthenes) ats cerseci.. oh iowtate 


that the optimum conditions for liquefac- 
tion at 824°F. (440°C.) and 200 to 30 
atmospheres pressure are approximately 
2,00 hr, contact time and circulation of 
about 100 cu. ft. (measured at 68°F, and 
30 in, mercury pressure) per hour of hydro- 
gen, Under these conditions the yields of 
products given in Table 2 were obtained in 
a single pass through the converter, 
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In general, no exact specifications can 
be given as to the optimum temperature 
and contact time for a given coal, There 
is a fairly wide range of temperatures at 
which the contact time may be adjusted to 
give the same yields and the same viscosity 
of heavy-oil slurry, This temperature range 
for the Experimental Mine coal is approxi- 
mately 788° to 824°F, (420° to 440°C.); 
the corresponding contact-time range is 
2.75 to 1.75 hours, 


Liquid-phase Hydrogenation Assays of High- 
volatile Bituminous, Subbituminous, and 
Lignitic Coals 


After developing a suitable standard 
procedure for the liquid-phase hydrogena- 
tion assay of coals, the next step was to 
apply this method to a survey of typical 
American coals ranging in rank from high- 
volatile A bituminous coal to lignite.* These 
are described in Table 3. Special attention 
was given to subbituminous coals and 
lignites because large reserves of these 
ranks of coal do not occur in Germany or 
Great Britain, and for this reason they 
have not been used in the British or Ger- 
man liquefaction plants, This country has 
very large reserves of these lower rank 
coals and they are not suitable for the 
manufacture of coke or gas. Neither do 
they lend themselves to transportation over 
long distances or to storage, because of 
their weathering and slacking properties. 
Their utilization for the production of liquid 
fuels would seem to be an ideal use for 
these coals when such conversion becomes 
economically possible. 


YIELDS OF PRODUCTS 


The yields obtained under the optimum 
conditions of hydrogenation for each coal 
are given in Table 4, The coals are ar- 
ranged in order of the total carbon content 
of the dry, ash-free coal, the highest carbon 
content being at the top of the table and 
the lowest at the bottom. This arrange- 
ment places the coals in descending order 
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of rank, The yield of oil based on percent- 
age of dry, ash-free coal (column 12) 
showed, in general, decrease with decrease 
in rank below that of the West Virginia 
No, 21 mine coal, The lowest yield in coals 
of high-volatile bituminous rank was 62 
per cent for the coal from Sayreton, Ala. 
and the highest yield was 74 per cent for 
that from Columbia, Utah, The other six 
high-volatile bituminous coals gave oil 
yields between 69 and 71 per cent, inclu- 
sive. The Sayreton coal would be expected 
to give the lowest yield of the high-volatile 
group because it is of distinctly higher 
rank than the others, verging on medium- 
volatile rank; likewise, the Columbia, 
Utah, coal would be expected to give the 
highest oil yield because of its relatively 
low position in the high-volatile rank and 
its high content of resin, which hydro- 
genates readily. 

On the same moisture-and-ash-free basis, 
the three subbituminous coals gave lower 
oil yields, ranging from 63 to 67 per cent, 
and the two Dakota lignites gave the 
lowest yields, 54 and 55 per cent. 

However, in actual practice the oil 
yields based on coal as mined or washed 
will be progressively less than the results 
just given, on account of the increasing 
moisture content of the low-rank coals. 
Lignites contain from 35 to 45 per cent 
moisture, 

Column 16 of Table 4 gives the oil yields 
in gallons per ton of coal as mined, This is 
the crude oil from the assay tests, The total 
average yield of gasoline obtainable from 
this crude, including vapor-phase hydro- 
genation of the middle oils, is estimated at 
70 per cent of the oil yields given in 
columns 12 and 16, None of these yields 
include the coal or other fuel required for 
the generation of additional hydrogen, 
steam, and power. Usually, this additional 
coal is estimated as equal to the coal 
liquefied, so that the net yields of liquid 
fuel per ton of total coal used for all pur- 
poses should be taken as one half of the 
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yields given in Table 4. The average per- 
centage gas and water yields for the high- 
volatile bituminous, subbituminous and 
lignitic groups were 20, 24, and 25; and 
10, 13, and 15, respectively. The increase 
in yield of water with decrease in rank 
was not as large as would be expected if all 
the oxygen of the coal substance in excess 
of its hydrogen equivalent to form water 
had combined with hydrogen in the lique- 
faction process, It was shown in the re- 
search with the small autoclave that much 
of the oxygen of subbituminous coals and 
lignite is evolved as oxides of carbon, 
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ton of coal as mined or washed. The highest 
yields were 269 and 258 lb., respectively, 
from the Strain-Upper Diamond, Washing- 
ton, and the Orient No, 2, Illinois, coals, 
The Wyoming subbituminous coal also 
gave the high yield of 219 lb. The best 
lignite yield was 168 lb. While these fig- 
ures are subject to considerable variation 
with changes in operating conditions of the 
liquefaction process, they show that the 
products of coal hydrogenation constitute 
an important potential source of raw mate- 
rials for plastics. 

Column 13 of Table 4 shows that with a 


TABLE 4.—Liquefaction Yields for Optimum Conditions of Hydrogenation 


Percentage of Dry, Ash-free Coal 


Oil 

Total Gare 

rigin o ine or To ota al. per 
Orig f Coal, Mine or Town and State Hydro: Nicsnetial ett as Tar te 

gen Ab- : Neutral | Acids Bases | Coal as 

sorbed Oil Yield¢ Yield Mined 

Yield 
I II rs 16 

SAV LECOM, PALAD AIGA. choecyslersiate oeieals nee = 306 pile his ener 8 2.5 136 
PCAC Nos 20, West Virgititac crc ene < ceiee pas een II 2.0 156 
Empire, TN ERE SER ES es De Be eae ee ae 12 T27 176 
U<-S. Experimental, Penneylyvataiesace sclteiee os 9 2.8 169 
oli Dian OW UAli msc heleletec tls eeaieis stot o\s Sues olnrets 7 2.6 170 
ROPE TPWN Onc? ST UITIOIS crane he Pirete c.wrmuelo lo. o7 o'> cheleberety gor 8 1.7 I55 
SERCONEN On iat MT Lerti ain Aas a sue Sscra ele’ sialle «1s lesamevaiay’elel 9 2°3 I4I 
Strain-Upper "Diamond, Washington... ....,5-... 8 3.7 I55 
Golstrip pe Mlomtatiaeys cur tee ete sieistiel sure sunnousiels cue 8 ant 108 
ritiati uO OlOLACO sy sicuier cso lero ve wieltuc.© sla winiees Io 2.8 IIs 
Monarch No. ig Aaa Sren Wat 25 tlie ee cli oO SD ae 8 Pipe 123 
ECON AK OLAS civics ects cnet ds cls ayers Steg 7 1.6 719 
\Weiltai, ON, IDETRCU Ee ope oe aes EU onoeeEO oaceetoterc 7 1.6 79 


2 Distilling up to 330°C. 


especially carbon dioxide, This conclusion 
is supported further by evidence from the 
continuous hydrogenation experiments as 
shown in the hydrogen consumption values 
of column 11 of Table 4. The lignites ab- 
sorbed somewhat less hydrogen than the 
high-rank coals. 

The lower rank coals, including lignite, 
subbituminous coal and high-volatile C 
bituminous coal, yielded from 12 to 16 
per cent of tar acids on the basis of the dry, 
ash-free coal, The higher rank coals yielded 
from 5 to 15 per cent of tar acids. High- 
volatile B and C coals appear to give the 
largest yields of tar acids in pounds per 


few exceptions the total aromatic neutral 
oil in percentage of dry, ash-free coal de- 
creased as the rank of the coal decreased. 
These oils constitute about half of the 
total oil yield and they can serve as good 
stock for the preparation of EU 
aviation fuel. 


Comparison of Results of Continuous Assay 
and Small Autoclave Tests, with Predictions 
from Chemical and Petrographic Analyses 


Table 5 shows the relation between the 
dry, ash-free carbon content of the coals 
and the yields of oil from the continuous 
assay tests, It shows also the relation be- 


+ 
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tween the residue yields of the continuous 
assay and autoclave tests on the one hand 
and the predicted yields of residue on the 
other, These predictions are based on the 
assumption that all of the fusain and 40 per 
cent of the opaque attritus remains in the 
organic residue. 

The lower oil yield of the Sayreton, 
Alabama, coal probably is due partly to 
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the predicted residues, the differences in 
most instances being between 2 above and 
3 below the percentages of predicted resi- 
dues, The average algebraic difference for 
nine comparisons was 1.5 per cent of the 
dry, ash-free coal, The residues from the 
continuous assay tend to be from zero to 
about 3 units below the results of the auto- 
clave tests. It is evident that the degree 


TABLE 5.—Comparison of Results of Continuous Assay and Small Autoclave Tests with 
Predictions from Chemical and Petrographic Analysis 


Origin of Coal, Mine or Town and State 


Sav revan AIA DAMAs. . saw Mocmmls hohe Sooke tect ets 
I.C.C. No. 21, West Virginia.. 
Empire, Alabama..a...... 0.0% 
U.S. Experimental, Pennsylvania 
SGlumbia PU PAN wicuaiso Savelecs ious Wasfat. ia eag attet bo ee 
OrientsNOns lle Olg...< io) sielagsiesiafend edit tebe 
Saxton, No. 1, Indiana....... SHiggiicro lary hac oy 
Strain-Upper Diamond, Washington............. 
Colsttins Montana 22.) trainee cnuie Oneae Reet. 8 
PuUritatis COLrAdONs... sias sale ae elds aly teteeietayatate & 
Monarch NO; AB, WYODUIDE.  cemen niacin skein 
Beulah, North Dakota 
Velva, North Dakota 


Percentage of Dry, Ash-free Coal 


Yield of Organic Residue 


Carbon | Yield of 


Content Contin- 


A Auto- 
Oil Pre- uous 

dicted> | Assay ae 
Tests 

4 5 6 7 

-9 62 9.0 9.8 8.7 
.6 3-4 5.6 
+4 7.8 6.2 

2 7.8 4.0 775 
I 5-4 5-3 

.6 5-4 4.9 6.7 
-9 6.8 6.0 

.6 0.4 TAS § Of 

ay 8.2 6.7 7.4 

.6 8.0 5.6 8.3 

.6 2.6 2. 3.8 

.0 7:6 9.7 5.0 

-0 6.6 Ase 4.8 


2 BHVA, bituminous high-volatile A; BHVB, bituminous high-volatile B; BHVC, bituminous high-volatile 


C; SBB, subbituminous B; Lig, lignite. 


+ Predicted by assuming that fusain and opaque attritus give 100-per cent and 40-per cent yields of organic 


residue on hydrogenation. 


its relatively high content of fusain and 
opaque attritus and to its high content of 
inorganic matter. On the other hand, the 
coal from Monarch, Wyo., gave a higher 
yield than its position in the carbon scale 
would indicate, and this difference may be 
attributed to its low content of insoluble 
petrographic constituents and its low ash. 
The oil yields of the other coals, with the 
exception of the resinous Utah coal, follow 
the order of the carbon content reasonably 
well considering the effect of operating 
variables in the hydrogenation process, 
The organic residues from the continu- 
ous assay tests vary both above and below 


of liquefaction of coal can be predicted 
almost as well from chemical analysis and 
petrographic examination as from the 
small autoclave tests. Either method may 
be used for the preliminary examination of 


coals with reference to determining their 


probable suitability for hydrogenation. 

A very low percentage of fusain and 
opaque attritus when it accompanies a low 
percentage of ash (4 per cent or less) ap- 
pears to favor complete and easy lique- 
faction, The high-volatile C bituminous 
coal from Washington and the Monarch 
mine subbituminous B coal from Wyoming 
were the most easily liquefied coals of any 
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thus far tested in the continuous unit, The 
heavy-oil slurry had a low viscosity and 
was readily handled through the pumping 
system. It was possible to operate with 
relatively high rates of throughput. Coals 
containing high proportions of fusain, 
opaque attritus, and inorganic matter offer 
operating difficulties on account of high 
viscosity of the heavy-oil slurry and the 
formation of asphalt-like solids that are 
difficult to hydrogenate to liquids, Most of 
these difficulties can be overcome by suit- 
able adjustment of operating conditions. 


Characteristics of Oils Produced 


The factors governing the character- 
istics of the oils produced in the liquid-phase 
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did the rank, type and composition of the 
coal, The only characteristic measurably 
influenced by the composition of the coal 
was the percentage of tar acids, which 
tended to increase as the rank decreased. 
The average percentages of tar acids by 
volume in the overhead oils were 15, 24, 
and 26, respectively, for high-volatile 
bituminous, subbituminous and _ lignitic 
coal. The percentages of olefins in the 
neutral oils showed a slight tendency to 
increase as the rank of coal decreased. 
However, these changes were much less in 
amount than was produced by changes in 
the reflux temperatures in the converter by 
different runs on the same coal. 

In order to give a simple summary of 


TABLE 6,—Shecific Gravity and Distillation Analysis of Overhead* Oils from the 
Liquid-phase Hydrogenation af Coals 


Distillation Range Percentage by Volume of Overhead Oil Sepcific Gravity at 60°F. (15.6°C.) 
Deg. F Deg. C. Minimum Maximum Average Minimum Maximum Average 
I 2 3 4 5 6 7 8 
68-392 20-200 20 31 27 0.81 0.88 » 0.83 
392-518 200-270 27 42 34 0.94 0.97 0.95 
518-572 270-300 ie! 18 16 0.96 0.99 0.98 
572-626 300-330 9 17 I4 0.98 I.O1 0.99 

Over 626 | Over 330 4 13 9 


Total overhead oil 


@ Overhead oil is that which is obtained by condensation of the oil vapors carried out of the top of the con- 


verter by the hydrogen gas stream. 


hydrogenation of coals may be classified 
in two groups, the first being those 
related to the rank and type of coal and its 
chemical and petrographic composition, 
and the second being the operating vari- 
ables such as the temperature, pressure, 
time of contact, catalyst and amount and 


temperature of refluxing of the overhead 


oil before it leaves the converter. A study 
of the results of the numerous different 
runs under various operating conditions 
for each of the 13 coals tested in this in- 
vestigation showed that the operating 
variables, and especially the reflux tem- 
perature, had a much greater effect on the 
characteristics of the overhead oils than 


the magnitude of the ranges of composition 
and characteristics of the overhead oils, 
the data from the various runs (excluding 
those made under unfavorable operating 
conditions) on each coal tested were aver- 
aged. The minimum, maximum and aver- 
age of these averages are given in Tables 
6 and 7. The distillation data in Table 6 
show that an average of 27 per cent of the 
overhead oil distills in the gasoline range, 
up to 392°F. (200°C.), 50 per cent between 
392° and 572°F, (200° and 300°C.), and 
23 per cent above 572°F, (300°C.). The 
specific gravities of the overhead oil and 
of the various fractions are higher than the 
corresponding petroleum products, owing 
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to the presence of large proportions of 
aromatic hydrocarbons, tar acids and tar 
bases, From one third to two thirds of the 
tar acids is phenol, cresols and xylenols. 
A distillation analysis of the tar acids from 
the hydrogenation of coal from the U. S. 
Experimental Mine indicated the following 
composition, in percentage by volume of 
total tar acids: phenol, 8; cresols, 27; 
xylenols, 30; and higher tar acids, 35. These 
are important raw materials for the manu- 
facture of plastics, 


TABLE 7.—Composition of Overhead Oils 
from the Hydrogenation of Coals 


Percentage by Volume of Overhead Oil 


Mini- | Maxi- | Aver- 
mum mum age 
Taribaseste settee ice crete feel le 5 3 
RARIACIOSS say Vetaahong ot ccietes te eae] a8 29 20 
INGutraliOus, ccpistectet eteiemunt.s 68 890 ti 
100 
Specific gravity of neutral oils 
aLIOOc EES OCCA aa biecvatis 0.88| 0.96] o.91 


Percentage by Volume of Neutral Oils 


* Overhead oil is that which is obtained by con- 
densation of the oil vapors carried out of the top of 
the converter by the hydrogen gas stream. ; 


The principal constituent of all the frac- 
tions of overhead oil was neutral oil. While 
the analytical determination of the olefins, 
aromatics and saturates is not as accurate 
as could be desired, the composition given 
in Table 7 gives a good approximation of 
the chemical nature of the neutral oils, 
The high average of aromatics (minus 54 
per cent) indicated a reasonably good 
octane value for gasoline made from these 
oils. The percentages of olefins and satu- 
rates averaged 10 and 36, respectively, 
The saturates consist of approximately 
equal parts of naphthenes and paraffins. 
The average approximate amounts of some 


of the hydrocarbons found in the neutral - 
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oils boiling below 392°F. (200°C.) are given 
in Table 8. 

The average fraction of neutral oil boil- 
ing below 392°F. (200°C.) is about 27 per 
cent of the total oil yield and the neutral 
oil averages 77 per cent of the total over- 
head oils or oil yield from the coal. On 
the basis of these values as given in the 
last column of Table 8, 0.5 gal. of benzene, 
0.6 gal. of toluene, and 2.1 gal. of xylene 
could be obtained from a ton of bituminous 
coal as mined, yielding 160 gal. of oil. 


TABLE 8.—Average Approximate Amounts 

of Some Hydrocarbons Found in the Neutral 

Oils Boiling below 392°F. (200°C.) from 
Liquid-phase Hydrogenation of Coals 


Percentage by 


Volume? 
Hydrocarbons Of of 
Neu- | Over- 
tral | head 
Oils | Oils 
Benzénestrrrnc van cos doen ae ee 1.5 0.3 
EOMMONGS. aactw s ead erin edae ete Ya 0.4 
Mylene vec wuace.y cal eee lea ee 6.3 bees} 
Cyclohexane plus methylcyclohexane.| 6.1 1.2 
Dimethylcyclohexane............... 4.5 0.9 
Tetrahydronaphthalene............. 13.9 2.8 
High-flash naphtha or polymethyl 
Dbengeties..oisc owed cot ranereeiceee 69267) 1355 


«Assuming that the neutral oil averages 77 per 
cent of the overhead oil or oil yield and that the 
fraction boiling up to 392°F. (200°C.) averages 27 
per cent of the overhead oil, the neutral oil boiling 
up to 392°F. is 0.77 X 27 = 20.0, or 20 per cent, in 
round numbers. : 


From these data, it is evident that com- 
mercial quantities of chemical products of 
higher value than liquid fuel can be ob- 
tained in addition to the fuel, This con- 
clusion applies in particular to the tar acids, 
phenol, cresols, and xylenols, 


SUMMARY AND CONCLUSIONS 


In concluding this brief review of the 
Bureau of Mines research on the direct 
hydrogenation and liquefaction of Ameri- 
can coals, it must be emphasized that no 
pilot-plant investigations involving the use 
of commercial-scale units, or even ap- 
proaching commercial-scale units, have yet 
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DISCUSSION 


been made. The next step the Bureau of 
Mines desires to undertake is the construc- 
tion and operation of a pilot plant on a 
considerably larger scale, in which the size 
of the converter unit is near enough to that 
of a commercial plant so that the results 
can be used for the design of commercial 
plants. The present converter is only 3 in. 
inside diameter, whereas the converters at 
Billingham, England, are approximately 
5 ft. inside diameter, These differences are 
too great for direct interpretation of results 
from one to the other. 

The investigation thus far made by the 
Bureau has demonstrated that the major 
part of the American reserves of coal are 
suitable for liquefaction. This part includes 
the common bright coals of high-volatile 
bituminous, subbituminous, and lignitic 
rank, Coals low in ash and nearly free 
from fusain and opaque attritus were al- 
most completely liquefied. The most favor- 
able operating conditions for the maximum 
yield of oil vary with different coals; 
however, the physical characteristics and 
chemical composition of the resulting oil 
are influenced principally by the operating 
conditions, The highest yields of phenols 
and tar acids on the basis of coal as mined 
are obtained from high-volatile B and C 
bituminous coals, and possibly from sub- 
bituminous A coals also, 

These tar acids occur in sufficiently large 
amounts to be commercially important as 
sources of raw materials for the growing 
plastics industry. The high content of 
aromatic compounds in the neutral oil 
makes it a desirable blending base for high- 
octane aviation gasoline. It is possible also 
to modify operating conditions so as to 
produce principally fuel oil, or fuel oil, 
diesel oil, and gasoline. 

Further work in coal hydrogenation 
should include both laboratory and pilot- 
plant research, No one can predict the 


exact time when these processes can oper- 


ate in this country on a commercial basis 
without subsidy, but in the meantime it 
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does appear desirable in the national 
interest to be fully informed on the possi- 
bilities of supplementary sources of liquid 
fuels, so as to be prepared to utilize these 
sources when the need occurs. 
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A. R. Powett,* Pittsburgh, Pa.—The 
volume of high-quality research work on coal 
hydrogenation carried on by the Bureau of 
Mines, particularly since 1936, can be realized 
only after one has read the comprehensive 
publications and has listened to some of the 
hearings before the Senate subcommittee con- 
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sidering synthetic liquid fuels, and also has 
visited the laboratories and small-scale plants 
at the Pittsburgh station of the Bureau. 

One phase of this coal-hydrogenation work 
intrigues me very much. This is the long-shot 

_ possibility of hydrogenating and liquefying coal 
or lignite without using any outside hydrogen. 
The authors have given some hints that there 
are possibilities of at least partly reaching such 
an objective. 

As pointed out in the paper, coal has a ratio 
of hydrogen atoms to carbon atoms of about 
0.83, whereas petroleum has double the relative 
amount of hydrogen, or a ratio of 1.66. The 
approach to such an increased ratio of hydrogen 
to carbon may be obtained not only by addition 
of hydrogen but also by subtraction of carbon. 
The following three possibilities are suggested 
by the authors’ paper: 

1. Since oxygen must be eliminated from the 
coal during liquefaction, it is advantageous to 
have it eliminated as carbon dioxide, since 
this reduces the amount of carbon. The authors 
have pointed out that this occurs to the maxi- 
mum extent in lignite and low-rank coals, and, 
since the oxygen content of these coals is high, 
some interesting possibilities are presented. 
Unfortunately, even complete removal of the 
oxygen from the moisture-free coal in the form 
of carbon dioxide would not secure the desired 
hydrogen-carbon ratio, but at least it helps. 
The authors indicate that 80 per cent of the 
oxygen in lignite is of the so-called ‘‘active” 
form, which should be favorable provided the 
correct conditions were found for optimum 
carbon dioxide formation. 

_ 2, Water gas formation. In Technical Paper 
654, page 23, Dr. Sturch et al. mention that at 
430°C. the water-gas reaction is superimposed 
upon the thermal decomposition of the coal 
substance. This is interesting because the 
water-gas reaction not only subtracts carbon 
by forming carbon oxides but also adds to the 
hydrogen available, so that approach to the 
desired hydrogen-carbon ratio is approached 
from two directions. Do the authors consider 
this possible autogenous liquefaction of coal 
without the use of outside hydrogen a promis- 
ing field of research? 

3. Partial liquefaction of coal. The question 
naturally arises as to the desirability of com- 
pletely liquefying coal. The authors state that 
almost complete liquefaction and extensive 
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oxygen removal can be obtained at compara- 
tively low temperatures and with little utiliza- 
tion of hydrogen. The authors then point out 
that this is largely due to the reservoir of 
hydrogen present in the hydroaromatic liquid 
serving as a vehicle, and this hydrogen must, 
of course, be replaced in the vehicle later. 
However, is it not possible to secure a limited 
quota of liquefaction without supplying hydro- 
gen? Would it not be more economical to accept 
whatever liquefaction may be obtained easily 
and then run, leaving the solid residue for 
those fuel uses for which solid fuels are best 
adapted? 

The Bureau of Mines, and particularly the 
authors of this paper, are to be highly com- 
mended for their foresight in initiating this 
program of research many years before public 
opinion in general believed that our country 
should provide for future dwindling production 
of petroleum. The wisdom of this course is 
widely recognized today. We trust that this 
program will be expanded in the near future 
to the construction and operation of demon- 
stration plants, so that we in America will have 
the ‘‘know how” of engineering design and 
economics for our own future use in our country. 


H. H. Storcu (author’s reply).—In obtain- 
ing a heavy fuel oil of bunker C type by the 
Bergius-I.G. process, our tests in the experi- 
mental plant show that about 5 per cent by 
weight of the coal (ash- and-moisture-free) of 
hydrogen is consumed. To obtain gasoline, 
about 11 per cent of hydrogen is necessary. In 
our experimental plant, as in the Bergius plants 
in Germany and Great Britain, the hydrogen 
is supplied as gas at 200 to 300 atmospheres 
pressure. 

The water-gas reaction is not fast enough at 
450°C. under the conditions existing in coal 
hydrogenation to supply the necessary hydro- 
gen, by reaction of steam with the coal. For 
this reason, very considerable amounts of coke 
are produced when only water and coal-oil 


paste, but no hydrogen, are used. It is conceiv- | 


able, of course, that catalysts may be discovered 
that will accelerate the reaction between water 
and coal at 450°C. to such a degree that the 
hydrogen will be produced at least as rapidly 
as the decomposition products of the coal are 
formed. At the present time this possibility 
appears quite remote. 


. 
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A. C. FIeLpNer (author’s reply).—It is 
possible to secure a part of the hydrogen 
necessary for liquefaction from the gases pro- 
duced. The hydrocarbons such as methane, 
ethane, and propane can be reformed with steam 
to yield hydrogen for use in the process. How- 
ever, this step is subsequent to hydrogenation. 

It has been suggested to us that the lique- 
faction of coal might be conducted in conjunc- 
tion with the manufacture of fuel gas. For 
example, in western Pennsylvania and south- 
eastern Ohio the natural gas supply is decreas- 
ing and there will be a need of manufacturing 
fuel gas from coal and introducing it into the 
pipe lines traversing this region to satisfy the 
requirements of the industries and cities served 
by these gas-transmission lines. 


F. H. Rreep,* Urbana, Ill—There is a tre- 
mendous amount of work reported in this 
paper—twenty years research at least by the 
Bureau of Mines. The thing that has appealed 
most to some of us that have gone over it is 
the exceedingly fine way in which the research 
has been carried on; that is, a small scale, a 
second scale, a little larger, and now a con- 
templated experimental scale, which is still 
larger. 

There is no question but that this research 
costs a tremendous amount of money, but 
there is also no question but that this is the 
cheapest way to go at it. 

One question I would like to ask in regard 
to the by-products that are formed from this, 
particularly those that may be used in the 


chemical industry. It is pointed out in the 


paper that the high oxygen compounds natu- 
rally give more of the tar acids, phenol, cresol, 
xylenol, etc. There are also the gas by-products. 

In reading this paper, also in reviewing the 
hearings that have been held in regard to the 
advisability of larger scale experimentation, 
and in reading other reviews, we find estimates 
of cost of gasoline and fuels by hydrogenation 
of coals from other sources, particularly our 
shales. In estimating those costs the question 
arises: How much consideration has been given 
and how much can we give to the evaluation of 
these by-products. It would seem to me that, 
as in the coking of coal, what we can get for the 


* Illinois State Geological Survey. 


by-products may determine the cost of pro- 
duction of the liquid fuel. 


A. C. Fre~tpNeER.—We have no figures on 
probable returns from the by-products, and 
there are no published figures available on 
foreign work. The principal by-products are 
the phenols, cresols, xylenols and higher tar 
acids. They comprise about 15 per cent of the 
crude liquid product. These can be separated 
and sold as chemical products. 

Dr. Storch is enthusiastic over the possibili- 
ties of utilizing them in the plastics and chemi- 
cal industries. Benzol and toluol also can be 
separated or they may be left in the motor fuel 
fraction to improve its octane value and utiliza- 
tion in aviation fuels. Such aviation fuels, of 
course, sell for a higher price than motor 
gasoline. 

Perhaps I should have given greater empha- 
sis to the fact that the work reported in this 
paper relates only to the Bergius-I.G. hydro- 
genation process. There is another process for 
making synthetic gasoline known as the 
Fischer-Tropsch process, in which coal or coke 
is converted to hydrogen and carbon monoxide 
by the water-gas process. These gases are then 
converted catalytically to liquid hydrocarbons. 
The Bureau is working on this process also and 
will report on it at a later date. 

The Fischer-Tropsch process can be applied 
to any raw material from which water gas can 
be made. This includes coal, anthracite coke, 
lignite, and methane or natural gas. Natural 
gas at three to five cents per thousand cubic 
feet probably is the cheapest source of synthetic 
gasoline. The nature of the liquid products 
from the Fischer-Tropsch process is different 
from that of the products from the Bergius 
process. They are aliphatic compounds and 
must be reformed to raise their octane value. 

I believe that methods will be worked out 
for making good aviation gasoline by gas- 
synthesis methods. 

There is some difference in the gasolines 
obtained from different coals by the Bergius 
hydrogenation process, but that difference is 
much less than the differences due to variation 
in operating conditions. We can vary the op- 
erating conditions and get quite different 
characteristics in the liquid fuels produced. 
It is not at all certain that our low-rank sub- 
bituminous and lignitic coals will prove to be 
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the cheapest sources for gasoline. It may 
develop that we can make synthetic gasoline 
more economically from bituminous coals. 

Fifst, the yield from bituminous coals per 
ton as mined is twice as large as that from 
lignite; second, they are nearer the markets. 
On the other hand, from a long-time point of 
view, we should conserve our best coking coals, 
of which our reserves are limited, and not use 
them for making liquid fuel. Instead, we should 
liquefy low-rank coals not suitable for making 
coke. 


H. I. Surru,* Washington, D. C.—What 
part of a ton of coal would it take for power 
and other purposes to liquefy a ton of coal? 


A. C. FreELDNER.—The British experience at 
Billingham indicates that it takes about as 
much coal for the production of additional 
hydrogen, steam and power as the amount of 
coal liquefied. The gross liquefaction yields 
should be divided by two to obtain the net 
yield per ton of total coal used. In other words, 
one ton of coal is required for power and other 
purposes to liquefy a ton of coal. 


H. I. Smira.—These figures, then, were on 
the total coal consumption? 


A. C. FretpNER.—No, they represent the 
yields per ton of coal passed into the liquefac- 
tion converter and are approximately twice 
the yields per ton based on the total coal used 
for all purposes in the liquefaction plant. 


R. SHERMAN,* Columbus, Ohio.—I have one 
question, but Dr. Fieldner has at least partly 
answered it in his presentation. This is in 
regard to the hydrocarbon gases formed in 
hydrogenation. The volume of these gases 
produced is usually given in the discussion of 
the results of laboratory-scale hydrogenation 
experiments, but I have seen only one mention 
of economic uses of the gases. 

One exception is in the 1935 description of 
the Billingham plant. At that time, it was 
stated that the gases were being burned under 
the boilers. This seems to be a wasteful use of 
these gases of high calorific value. T. H. Kerr, 

-fuel consultant, and Dean MacQuigg, of the 


* U.S. Geological Survey. 
* Battelle Memorial Institute. 
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Ohio State Engineering Experiment Station, 
have suggested the possibility of the use of the 
gases to supplement natural gas supplies. 
Rough calculations indicate that the amount 
of gas produced is enough to constitute a very 
important credit to the process and perhaps 
make the hydrogenation of coal approach 
economic feasibility somewhat closer than it 
appears at present. 

Dr. Powell has suggested self-hydrogenation 
of coal, with the use of the residual coal as fuel 
in conventional equipment. One fault with this 
would appear to be that the residual coal would 
have a high ash content. If the coal is washed 
to 2 per cent ash before hydrogenation and 50 
per cent is recovered, the resultant 4 per cent 
ash coal would be fine, but if we are to start 
with normal coals of 5 per cent ash or higher, 
the resultant fuel would not be very acceptable. 
Equipment manufacturers are today asking 
the coal industry to reduce the ash content. 


A. C. FIELDNER.—It is possible to partly 
hydrogenate coal and make a coking coal from 
a noncoking coal. This has been done by the 
Fuel Research Station in Great Britain. 

As Mr. Sherman says, there are some possi- 
bilities of integrating liquefaction with gasi- 
fication of coal. These are difficult to evaluate 
at the present time because we have not enough 
facts. The practice at Billingham is governed 
to some extent by special conditions. It is 
really a demonstration or commercial-scale 
pilot plant that was erected in connection 
with a synthetic ammonia and chemical plant. 


M. B. Cooxr,* New York, N. Y.—I have 


been doing some research work on the pro-- 


duction of solid smokeless fuels. The indica- 
tions are that the Germans are using the Lurgi 
process. They make the low-temperature tar 
in the Lurgi process, and hydrogenate the tar 
rather than coal because of the difficulties 
they have encountered with coal; the same 
that have been found in England. It is hard 
to get solids through pipes and valves under 
8000 Ib. pressure, without eroding and corrod- 
ing them out. Also, it is possible to get about 
three times the yield of gasoline per day from 
the same unit. Dr. Fieldner brought out some- 
thing like that. 


* Consultant, American Lurgi Corporation. 
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Research for the Coal Industry 


By C. E. Lesuer,* Memper A.I.M.E. 
(New York Meeting, February 1944) 


* Coat has been fighting a rear-guard 
action since the last World War. The 
battle against competitive fuels has been 
largely guerilla warfare with more sniping 
within the ranks than of organized opposi- 
tion. Oil and natural gas are the fuels that 
over these twenty odd years have driven 
coal backward and out of many profitable 
markets. 

Now, somewhat timidly, the coal in- 
dustry is trying a new weapon, namely, 
Research, or let us more properly say, 
Organized Research. Engineers have been 
designing this weapon for many years, 
supported by those interested in coal, in- 
cluding some coal producers. A part of this 
pioneer work has been Fundamental Re- 
search, the Ph.D. kind that is over the 
heads of most of us. Another part has been 
aimed at immediate objectives and realiz- 
able profits, the practical, man-in-the-street 
sort. That is Industrial Research. Enough 
has been accomplished to make a fair 
exhibit, but whether this new weapon will 
have sufficient fire power to rout the oppo- 
sition, whether the industry will really go 
into production and use it, the next few 
years will tell. 


NEED FOR COAL RESEARCH 


To utter “Research” is to use the 
modern magic word; to conjure up the 
miraculous—rubber from weeds; radar; 
magnesium from sea water; yes, even gaso- 


line from coal. Research is a very general 


term. It means something different to 


Manuscript received at the office of the 
Institute Nov. 16, 1943. Issued as T. P. 1689, 


February 1944. ‘ 
* President, Pittsburgh Coal Carbonization 


Co., Pittsburgh, Pa. 


every man. What is the coal industry seek- 
ing with its research; or what should it 
seek? And, specifically, how is it going 
about the job; and is it taking the best 
way? 

There are many who say that Coal has 
been asleep at the switch, while Oil and Gas 
have been taking the energy business. In 
an organized way this is true. Large-scale, 
privately financed research is just started in 
the Pennsylvania anthracite industry, and 
it is still a dream for bituminous coal. 
What has been done so far collectively is 
purely defensive; as, for instance, to im- 
prove mechanical devices for burning coal 
so as to be able to recover markets for 
house-heating fuel long since abandoned to 
oil and gas. 

To appreciate just how seriously bitu- 
minous coal has slipped back in the 
national economy in the past 25 years, one 
has only to recall that, in the last war the 
Navy required for its operations all the 
high-grade, low-volatile coal that could be 
produced, and that anthracite was with- 
drawn from the middle and northwest 
markets to keep the eastern seaboard 
warm. All coal was ‘“‘rationed”’ by zones, if 
not to individuals. Now the Navy, the 
Armed forces and the Merchant Marine 
are propelled by oil and gasoline. Gasoline 
and heating oil are rationed to individuals. 
Production of all coal in this country in 
1918 reached the historic figure of 678,200,- 
oco tons, and in 1943, after 25 years, it is 
expected to reach a special wartime total of 
660,000,000 tons. Meanwhile, production of 
crude oil this year may exceed 1,500,000,000 
bbl., and like that of natural gas, reach four 
times the amount produced in ror18. 
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Coal wants to regain these lost markets— 
millions of tons that have been replaced by 
liquid and gaseous fuels in the past 20 years. 
In the early 20’s the coal producers or- 
ganized to fight foreign oil with import 
duties. Pipe lines for oil and for gas, de- 
signed to put these fuels into new markets, 
were and still are opposed with vigor. But 
the coal industry, torn by labor strife and 
internal friction, with no defense against 
the overwhelming tide of oil and natural 
gas, has throughout these years thrown its 
precious reserves of high-grade coal into the 
battle, at ruinous prices, and emerged an 
acknowledged pauper industry. 

Battered and beaten in the competitive 
struggle with oil and gas, the coal industry 
is instinctively putting its research money 
on the biggest stake of all—tonnage. That 
is as it should be. Coal is energy—heat and 
power. The best markets are the heat and 
‘power consumers, who in large numbers 
ceased to use coal because they got more 
satisfaction for their fuel dollars with oil or 
gas. 

Tonnage is all important to coal. With a 
production of six hundred million tons a 
year, coal is the largest material-handling 
job in the country. Take, for instance, the 
year 1940, when all coal produced was 
505,000,000 tons. All the ores of iron, gold, 
silver, lead, zinc and copper mined in that 
year amounted to less than 186,000,000 
tons. Or take, if you will, the nonmetallic 
mining and quarrying industries. Include 
sand and gravel with 238,000,000 tons, 
stone with 153,000,000 tons, add in cement, 
slate, salt, lime, clay, gypsum and a dozen 
others, and you have a total of less than 
450,000,000 tons mined or quarried. Coal, 
most of it, is undercut, blasted, and loaded 
in small lots from thousands of “working 
places” far underground. Of the 746,000 
men reported in 1940 as engaged in mining 
and quarrying in the United States, 
532,000 were mining coal. 

Hence, the industry that mines coal by 
the acre and ships it in railroad trains is 
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tonnage minded. After petroleum has 
taken from coal more than a hundred 
million annual tons of this heating business, 
coal diggers may be expected to concen- 
trate on ways and means of again filling 
those coal bins not already painted and 
furnished for living quarters and ‘‘game”’ 
rooms. 


PRESENT Cost OF COAL RESEARCH 


A conservative estimate of expenditures 
for bituminous-coal research in 1943 adds 
up to nearly seven hundred thousand dol- 
lars. The Bureau of Mines leads off with 
$400,000, which is exclusive of appropri- 
ations for such as mine safety and explo- 
sives. Most people do not realize that this 
Bureau has been spending a quarter of a 
million dollars annually on coal research 
for the past 20 years. 

The work at Battelle Memorial Institute, 
financed by the coal operators and their 
associated sponsors, the railroads, has cost 
around $80,000 a year. The Bituminous 
Coal Research Laboratory at Carnegie 
Institute of Technology spends $75,000 a 
year, less than half of which comes from 
coal producers. The industry contributes 
to the fund of $30,000 for coal research at 
Pennsylvania State College. Illinois spends 
about $100,000 a year at Urbana, largely on 
studies of Illinois coal. Of the total, how- 
ever, not over 20 per cent comes directly 
from the producers of bituminous coal. In 
past years the bituminous-coal industry 
assumed an even smaller share in the cost 
of research devoted to its interest, but it 
now promises soon to exceed all records. 
Since the last war, anthracite has suffered 
greater losses of tonnage proportionately 
than has bituminous coal, but it has done 
more about it. 

It is true that in the past decade coal 
research has been more fundamental and 
less industrial than many would have 
wished, but that has not been the fault of 
the Federal bureaus or the universities 
where the work has been done with public 
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funds. It is unfair to belittle the progress 
that has been made or to say that this 
country by comparison with foreign coun- 
tries has been backward, or niggardly, in its 
approach to the problems of coal research. 


RESEARCH OBJECTIVES 


Let us define the broad objectives of coal 
research as the increased and more efficient 
utilization of solid fuels, and let us recognize 
that the effort will be profitable to the coal 
producer only if that greater utilization is 
in the public interest. The individual 
producer is the one who mines whatever 
coal is in his acreage. His first concern is 
cost on the cars; his problem: mining, 
safety, and preparation. The individual 
who stumbles in this mine-cost and quality 
race has always been trampled underfoot 
by his coal-producing colleagues. The in- 
dustry loses to the competition of other 
fuels. Everything in engineering or manage- 
ment that contributes to safety, lower 
costs and better quality of product is a 
subject for research whereby to increase 
the market for coal on an industry-wide 
basis. 

Such problems are not for research with 
the laboratory test tube, however. They are 
mining—cutting, loading, hauling, cleaning 


_—all problems of efficient utilization of 


men, machines, power and explosives. 
These are the basic, primary problems of 
this industry, calling for continuing re- 
search and development without which 
there can be no greater tonnage. It is not 
proposed here to detail the marvelous re- 
sults, particularly of the past decade, that 
have flowed, in spots only it is true, from 
research in mining and preparing coal. 
The mining industry has borne the cost of 
this research and development—for the 
most part indirectly, of course—in the 
price it pays for improved cutting and 
loading machines, drills, motors, track and 
trolley, explosives, jigs, screens and a 
thousand other items. The research of 
equipment manufactures, coupled with the 


willingness of mine managers and engineers 
to try new things, has made possible the 
lower cost and better quality of coal with- 
out which much of the industry today 
would indeed be in desperate condition. 
No discussion of research in coal can fairly 
overlook or fail to recognize, or refrain from 
acclaiming, the progress that has been 
made in mining and in preparing coal for 
market. 

Progress in utilization of coal in the 
past decade certainly calls for no apology. 
The figures have become almost common- 
place. In 25 years a decrease of 34 per cent 
in coal required by the railroads for 
hauling rooo gross ton-miles of freight; 
a decrease of more than so per cent in the 
coal required to produce a kilowatt of 
electrical energy by central power stations; 
20 per cent less coal to make a ton of pig 
iron. These are cheering figures, for which 
the combined research and development 
by manufacturers of equipment, power- 
plant engineers, coke-oven and blast- 
furnace operators—the consumers—are 
mainly responsible. . 

The sum total result of the efforts of 
combustion and carbonization technicians 
and engineers to put the proper coal to 
each individual use, to see that it is 
better, cleaner coal, to make each B.t.u. 
do full duty, and to conserve the_by- 
products, is that coal is now used more 
efficiently than ever before. The coal 
industry has not lost tonnage because 
it has been party to increasing com- 
bustion efficiency; on the contrary, it 
has held tonnage it most certainly would 
otherwise have lost to its competitors. 


History oF COAL RESEARCH 


Coal research in this country has an 
honorable past. Forty years ago the 
United States Geological Survey opened 
its Coal Testing Plant at the St. Louis 
World Exposition of 1904. Those who 
pioneered this work on coal combustion 
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and boiler efficiency set a high-water 
mark for coal research. Not the least of its 
accomplishments was that from that 
effort was born the Bureau of Mines in 
IQI0. 

There was a worldwide revival of 
interest in coal research immediately 
after the first World War, and the re- 
crudescence of 1943 is not dissociated 
from the war effort and present ability of 
the coal industry to finance on its part, 
an enlarged program. 

Fundamental research was given its 
greatest impetus in this country, and 
high-lighted throughout the world by the 
historic International Bituminous Coal 
Conferences, organized by the late Dr. 
Thomas S. Baker, then President of 
Carnegie Institute of Technology. The 
first of these, in 1926, was a forum for the 
international celebrities of coal chemistry 
and research. Succeeding meetings in 1928 
and 1931 greatly enriched the literature and 
promoted the exchange of ideas on 
this important subject. It is interesting 
to look back in the record, to reconsider 
the objectives of coal research as set forth 
then and more recently, and then to 
pause for a short look ahead into the 
future of power and of the chemical age, 
with perhaps some speculation as to the 
part that coal may play, both as the 
primary source of energy as well as a 
raw material for the chemical industry. 

At the Coal Conference in 1926, John 
Hays Hammond and F. G. Tryon! paid 
tribute to fundamental research, cautioned 


against overemphasis on the practical | 


approach before the fundamentals were 
established, and urged that economic 
problems be not overlooked in any research 
program for the coal industry.. Economic 
problems of this industry were then, and 
still are, overpowering factors in its 
prosperity and progress, but the advice 
was not followed, for the industry has 


1 References are at the end of the paper. 
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provided no organized economic study or 
research. 

Dr. A. C. Fieldner,? at the conference 
in 1926, presented a concrete program for 
coal research, based on what had already 
been inaugurated for petroleum. Of 30 
projects on which work was started by the 
American Petroleum Institute, covering 
geology, physics and chemistry of petro- 
leum, Dr. Fieldner found that 22, involving 
fundamental research, had direct and 
significant counterparts for coal. A year 
later, Dr. Fieldner® analyzed the results 
of a worldwide inquiry into coal research 
conducted by the National Coal Asso- 
ciation, and suggested as subjects for 
investigation: 


Constitution of Coal and Coke 
Mining, Safety and Health 
Preparation and Storage 
Combustion 

Processing 

Industrial Analysis and Testing 


These titles are still good. 

On July 1, 10930, the Coal Research 
Laboratory of the Carnegie Institute 
of Technology was organized under the 
directorship of Dr. H. H. Lowry, sponsored 


a 
by an impressive array of corporations, — 


including sixteen coal producers, five 
railroads, six of the largest industrials, 
the Buhl Foundation, Carnegie Institute 
of Technology and the National Coal — 
Association. One individual name ends 
the published list of financial sponsors, 
Howard N. Eavenson. This laboratory, 
financed on a broad base, had fundamental 
coal research for its purpose. Its work 
was barely started when the third, and 
last, of Dr. Baker’s International Bitu- 
minous Coal Conferences was held at 
Pittsburgh in 1931. At the Second Coal 
Conference, in 1928, Mr. Eavenson! fore- 
cast the basis for the organization and 
support of this laboratory, and it is due 
to his unselfish and untiring effort, as 
well as that of Dr. Baker, until his death 
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in 1939, that the project has continued 
to receive adequate financial support. 

During the past 10 years the subject of 
coal research has certainly had its fair 
turn at coal conferences and technical 
society meetings wherever coal engineers 
and the scientifically minded have as- 
sembled. Stephen Burke® aptly divided 
the field when he differentiated ‘‘ Research 
on Coal” from ‘Research for the Coal 
Industry.” The “‘ development of a product 
or process using coal as a raw material,” 
he stated, ‘“‘is research on coal,” whereas 
to “widen the coal market until it more 
nearly coincides with the entire energy 
market, is researeh for the coal industry.” 

Dr. Lowry® has pointed out that the 
national waste involved in smoke, a 
nuisance associated in the public mind 
with bituminous coal, is the first point 
in a research program. He advised that 
coal either should be burned smokelessly 
by means of proper mechanical equipment 
or converted to smokeless fuel, which, 
since 1.4 tons of coal is required to make a 
ton of coke, would help tonnage. Processing, 
he warned, will be economically possible 
when the maximum return is obtained for 
the by-products. The principal use of 
coal, Dr. Lowry notes, is for combustion 
in the raw state, which represents 85 per 
cent of the normal market. Carbonization 
accounts for the remaining 15 per cent. 
Hydrogenation eventually may be a 
third use. In pointing out, in 1936,’ the 
importance of development of small stokers 
as the only chance to regain markets 
lost to oil and gas, he defined the course 
that has been followed by the industrial 
research group. 

The great advantage of coal, according 
to E. G. Bailey,® lies in its relatively lower 
cost per B.t.u. He finds that the char- 
acteristics of coal that make it less desirable 
than oil or gas are its ‘‘nonfluidity, size, 
igniteability (or lack of it), agglutinating 
property, volatile matter and ash content,” 


and he suggests that to make coal as 


equally convenient as gas or oil may be too 
costly. ‘‘Why not improve cleanliness and 
convenience in the use of coal without 
materially increasing the cost of preparing 
it or the cost of burning it?” Mr. Bailey 
has repeatedly urged that the coal com- 
panies should carry on coal research in 
connection with small units where the 
cost of equipment and the amount of 
coal required for development and test 
purposes is not large. 

The advice of Mr. Bailey® to the coal 
operators at Cleveland in October 1943, 
on the occasion of launching the drive for 
‘“* A New Five-Year Research Program,’’!° 
is to concentrate on equipment for house 
heating and installations using up to 
5000 Ib. of coal an hour, and to stay in 
the cheering section where large power 
plants, pulverized-coal burning, new loco- 
motives, processing and chemicals from 
coal are concerned. He is willing to leave 


hydrogenation and coal-burning turbines 


to the future. 


ORGANIZATION OF THE INDUSTRY FOR 
RESEARCH 


It is inherent in the structure of the 


_bituminous-coal industry that large-scale 


research or development projects can be 
financed best on a cooperative basis. A 
research project is an expedition into the 
unknown, from which no one can guarantee 
a safe and profitable return. Research 


‘takes time—years of costly, time-con- 


suming effort, no matter in whose hands 
it be entrusted. This industry has too 
few, if indeed it has any, units of sufficient 
size and power to embark on such large- 
scale programs as commonly are recog- 
nized as essential and worth while. 
Cooperative industrial research has not 
been conducted on a large scale in this 
country, however. It was tried and aban- 
doned a quarter century ago by the 
petroleum industry. Today petroleum 
research leads the field, and it is by each 
company with its own staff and labora- 
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tories. These are large corporations, very 
large as compared with the largest of the 
coal companies. The steel industry is 
now deep in research, having been almost 
as laggard as coal, and each steel producer 
is doing his own delving into alloys and 
eutectic mixtures. 

The chemical industry does research 
in its own back yard on a stupendous 
scale, as does the American Telephone 
and Telegraph Co. on communications, 
the Radio Corporation on electronics, 
the Koppers Company on coal carboniza- 
tion and processing. The list is long, and 
there are a few but not too important 
exceptions. On the other hand, industry 
often bands together in trade associations 
and institutes where economic and political 
factors are sufficiently compelling. 

Both anthracite and bituminous-coal 
industries are experimenting with coopera- 
tive organizations engaged in technical 
research. Support by the industry for the 
Coal Research Laboratory at Carnegie 
Institute of Technology has been limited 
to a few strong companies, but even there 
it has required genuine leadership ‘to 
maintain and strengthen it over its 13 
years of increasing usefulness. Dr. Lowry 
set out to vivisect the coal molecule, and 
I suspect his sponsors have given him a 
free hand. Fundamental research is not 
presumed to produce marketable machines. 
It is the raw material, the basic data on 
which development research is_ based. 
Because of this, collective support of 
such laboratories is feasible, in industry 
as in government. 

The story is different, however, with 
respect to collective efforts searching 
for, let us say, new machines designed to 
recapture lost markets for coal, or seeking 
ways and means of dressing up this fuel 
for acceptance in the same category of 
ease of handling and of cleanliness as its 
persistent competitors. The story is differ- 
ent because one not trained in physical 
chemistry must needs take the work of the 
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fundamental researcher on faith, but the 
coal producer who also supports industrial 
research expects results that he may 
understand and that will benefit and profit, 
if not his individual enterprise, then most 
certainly his industry. The position is 
clear, however. In this industry, the only 
practical solution is collective research 
effort, with all its problems and difficulties. 
Its supporters must also take a lot on 
faith. If you buy shares of General Motors 
Corporation, you are content in the 
knowledge that the organization is backed 
by research, and, what is most important, 
by a competent sales organization to put 
over the things developed in the laboratory. 

It is here that our coal research program 
is to have its real test. Bituminous Coal 
Research, Incorporated,!® has developed 
“principles for smokeless heating stoves 
and ranges of new design,” and the 
“correct principles for design of over-fire 
air jets.” Where is the catalyst that will 
engineer, market, merchandise and make 
profitable these principles? 

After one laboratory has established 
basic principles, and another has found 
a way to use these concepts, there still 
remains the final laboratory test of manu- 
facture, selling and public acceptance. 
That is why no one must expect too much 
too soon from organized bituminous-coal 
research. Mr. Eavenson," President of 
Bituminous Coal Research, Inc., notes 
that several projects have reached a stage 


where research work has ended and com- 


mercial development should begin; but, 
he says, “This is not the function of 
Bituminous Coal Research, and the in- 


_ dustry should provide some organization 


to push the development of their projects.” 

Bituminous Coal Research, Inc., pro- 
poses to multiply its budget by 5 and to 
spend $2,500,000 in 5 years, which is 
really a modest program for an industry 
as large as this, but a program that will 
tax the energy of all who are to expend 
the money. A program’? that includes 
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- investigations in 12 principal divisions 


of coal technology, and lists more than 90 
specific projects that should be undertaken, 
will surely ring the bell on a few good 
ones. One should not be critical because 
the advance literature on the two and a 
half million dollar program is sparkling 
with ‘‘possibilities” for coal in new uses, 
for without imagination there can be no 
research, and a researcher who does not 
secretly believe that he will next day, 
maybe, accomplish a miracle, is not worth 


his salt as a researcher. 


WHAT RESEARCH PROMISES 


Charles F. Kettering,’ who directs 


- research for General Motors, has said: 


We must treat research as an insurance 
policy. Whatever we pay for research we must 
think of on the actuarial basis. We can con- 
sider a large number of projects and arrive at 


- an average cost. When we take out a life in- 
- surance policy, nobody tries to figure out when 


we are going to cross the mortality line. Some 
cross below; some above. Likewise, in the case 
of research work; for some who run off the 
track and fail to accomplish anything new, we 


* can expect a few to meet with success. 


Business men and some _ professors, 
according to L. V. Redman,}! “appear 
to have the impression that knowledge 
gained in research, if of potential value 
in industry, is ordinarily capable of 


_ immediate practical application.” Research 
proper, he says, is relatively inexpensive, © 
but the industrial exploitation of research, 


or development, may be a costly procedure. 
Redman has projected the course of a 
research project and finds that after 
three years of uncertainty and doubt, a 
project may look as though it would 
pay, and if all goes well, the enterprise 
should after five years be on a satis- 
factory paying basis. He notes that “The 
duration of this period of suspense, the 
total cost of development, and the chance 
of ultimate success will depend probably 
more on the thoroughness of the initial 


’ 


LESHER 


369 


research and development than on present 
resourcefulness.” 

A great many coal producers were 
mildly excited by Secretary of the Interior 
Ickes,!5 who is also Petroleum Adminis- 
trator and Solid Fuels Coordinator for 
War, when, in the spring of 1943, he said: 


A new industry based on the use of coal 
looms on the not too distant horizon. Out- 
standing among drastic changes the present 
world conflict is bringing about in our way of 
living is the use of coal on a scale and for pur- 
poses never before seriously considered, even 
in its heyday as the nation’s overwhelming 
preponderant source of fuel and energy. The 
use of coal for new purposes and in ever greater 
quantities should vary our economic pattern. 
It scarcely can fail to increase the size and 
importance of many industries while creating 
new and powerful ones. 


This startling prediction, it developed 
later, was a curtain raiser for a drive to 
get a considerable appropriation from 
Congress for building a coal-hydrogenation 
plant. Whether we should anticipate an 


oil famine in 15 years, as Secretary Ickes 


fears, and whether the Government should 
now plunge into coal hydrogenation to 
replace gasoline for our automobiles, 
are matters outside the scope of this paper. 
Behind the Secretary’s bogey man there 
is a fundamental truth—that coal is a 
raw material for the chemical industry. 

- Already there are more chemicals, 
drugs, dye stuffs, plastics, explosives, 
and disinfectants made from what are 
commonly called “coal tar products” 
than are made from petroleum. Further- 
more, the quantities are greater. But 
neither need be true for long, because 
research in petroleum laboratories and 
developments in oil cracking and refining 
are proceeding at a furious pace. High- 
powered chemistry is supplying the war 
effort with toluene, aviation gasoline and 
synthetic rubber from petroleum and will 
most certainly follow with benzol and 
acetylene as it is doing with cresylic acid. 
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Coal has been the source of the chemicals 
from which the greater part of plastics—the 
phenol formaldehyde resins—have been 
made. Petroleum and natural gas are 
challenging coal in this expanding field. 
R. L. Wakeman and B. H. Weil,!® in a 
paper before the American Chemical 
Society in October 1942, summarize the 
place of coal as a source material for the 
plastics industry in these words: 


Coal is thus an important source material 
for the plastics industry. Plastics made from 
coal intermediates have shown each year a 
healthy rate of increased production. It seems 
proper to envision much greater expansion 
after the war. But the coal industry must take 
cognizance here, as in other chemical indus- 
tries which use its products, of the recent but 
already important factor of competition with 
petroleum and natural gas hydrocarbon deriva- 
tives. ... The coal industry’s domination 
of the phenolic resin field may also soon be 
challenged not only by phenol from petroleum 
benzene, but likewise by increasing quantities 
of petroleum cresylic acids. ... The coal 
industry need not necessarily suffer trom this 
competition. ... The prospects for a tre- 
mendous increase in the volume of plastics 
production will render the future for coal 
derivatives extremely bright if every effort is 
made to maintain research, reduce basic costs 
of manufacture, increase yields, and produce a 
varied and flexible number of intermediates. 


Neither these words nor those of Secre- 
tary Ickes were intended for coal producers. 
Obviously they are addressed to the 
chemical industry. The coal industry 
does not make phenolic resins, acetylene, 
calcium carbide, nor even water gas. 
Benzol is not obtained from coal by 
passing it over a shaking screen, through 
a coal washer, or even by burning it in a 
stoker. All of these interesting and valuable 
chemicals are taken from coal, as well 
as from petroleum and natural gas, by 
processing—for the most part, from coal 
by carbonization. In this country, coal 
producers do not operate coke ovens, 
although a number of important coke 
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producers own and operate coal mines. 
Nor will the coal industry do the hydro- 
genation, when that comes to pass. Coal 
producers are interested in tonnage, and 
are beset by problems of material handling, 
wage conferences, freight rates, and, if 
high-cost operators, in having the Govern- 
ment put a solid floor under selling prices. 
Coal producers sell the coal to coke-oven 
operators, who in turn sell the tar and 
light oils to refiners, who in turn supply 
to the chemical producers the various 
tar acids from which plastics and synthetic 
rubber are made. The final step is the 
fabricator, who molds the telephone hand 
set, shapes the ash tray or makes a miner’s 

helmet. | 

Redman and Weil have estimated that 
the phenol obtained as a by-product from 
coking 6,800,000 tons of coal in 1941 was 
sufficient for the production of 8 million 
pounds of nylon. This would have made 
256 million pairs of nylon stockings weigh- 
ing half an ounce a pair. According to 
these investigators, on the basis of present- 
day operational methods, about 68 million 
tons of coal was required to be carbonized 
to supply the phenol for the estimated 
1941 production of 99 million pounds of 
phenolic resins. 

There is no immediate danger that 
coal will lose to petroleum and to natural. 
gas the tonnage (in 1943 around 90,000,000 
tons) that goes to by-product coke ovens, 
from which in turn the “coal tar products” 
go to the chemical industry. The ovens 
are built and they are operated primarily 
for making coke. But should the chemical — 
industry call for vastly more benzols, 
phenols, and cresylics, who will supply the 
demand? Will the petroleum refiners, 
or the coke-oven operators get the new 
business? 

Fifty years ago the first by-product 
coke ovens in this country were built 
to make a chemical, with coke a by- 
product, but today coke is the main 
product. If coal is to maintain its position — 
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as the preponderant source of raw materials 
for the synthetic-resins industry, which 
in 1940 produced: 232,000 tons of plastics 
and for which a tonnage of 1,000,000 tons 
a year is easily possible, there must be a 
change in the economics of the industry. 
If through research it is found worth while 
to process coal to get the ‘‘coal tar prod- 
ucts,”’ a wider use for coke must be found. 
An idea, long dormant, that the by- 
products should be recovered before the 
coal, or coke, is burned for steam and 
power, is showing signs of new life. Coke— 
low, medium, or high-temperature—as 
smokeless fuel is another huge future 
outlet. Complete gasification of coke is 
already developed and represents another 
use. The use of coke in a stoker offers a 
smokeless fuel in automatic equipment. 
There is reason to believe that the yield of 
tar acids from coal by hydrogenation may 
be ten or more times greater than by 
carbonization, and should such a process 
be developed and employed there would 
be no coke. Coal would thus be a direct 
source of the chemicals required for 
phenolic plastics. 

The situation offers great possibilities 
for coal, but who will do the research and 
develop the uses ‘“‘of coal for new purposes 
and in ever greater quantities” as pro- 
phesied by Secretary Ickes? The coal 
industry has never shown aptitude for 
building upward to take in the consuming 
or processing industry. The reverse is 
true, and maybe that is why the phrase 
“captive tonnage” was coined. As long 
as the coal industry is content to employ 
its capital only for mining and transporting 
its product, it will not contribute to or 
share in the chemical industries that are 
now and, we hope, will be increasingly 
built upon its product. 
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DISCUSSION 


H. N. Eavenson,* Pittsburgh, Pa.—With 
nearly all the conclusions in Mr. Lesher’s ex- 
cellent paper I am in agreement, and there is 
no doubt that the increased program soon to 
be started by Bituminous Coal Research will 
not solve all of the problems of the industry in 
regard to increasing the outlets for bituminous 
coal and regaining its lost markets. 

This new cooperative expenditure, however, 
does demonstrate that the industry is becoming 
more research minded and that it has come a 
long way since the days of the coal conferences 


* Eavenson, Alford and Auchmuty. 
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’ in the late twenties. I hope, and believe, that 
before long a way will be found by the industry 
to push any new developments or processes 
found as a result of research work, and the 
fact that the industry is now promoting a 
public relations program is an indication that 
this will be the case. Certainly some such way 
of pushing such developments is a crying need 
for future success. 

Mr. Lesher’s statement that the coal indus- 
try has been content to employ its capital only 
for mining and transporting coal is entirely 
correct; one of the main reasons is that few 
units in it have had enough money to promote 
anything but mining itself, but it is also a fact 
that the earnings of the units large enough to 
control railroads, barge lines and docks have 
come very largely from the branches of business 
other than mining. In my opinion, the success- 
ful coal companies of the future will be those 
following the mining of coal to its ultimate use, 
and while few companies can finance chemical 
industries, it will be entirely possible for some 
to help promote the development of any new 
products found by research, and thus to profit 
by the work. Such a development will be logi- 
cal, and if economic conditions in the postwar 
period allow the coal industry to make any 
money so that it can attract capital, it will be 
probable, possibly on a cooperative basis by 
most companies. 


C. C. Wricut,* State College, Pa—I am 
very sorry that Dr. Gauger was unable to be 
here to discuss Mr. Lesher’s paper. We read 
it with considerable interest and I wish to 
congratulate Mr. Lesher on presenting such a 
clear-cut story. 

We feel that one of the most serious problems 
as far as the utilization of coal is concerned is 
that of interesting the coming generation. We 
have found, in our own research organization, 
that it is extremely difficult to interest trained 
physicists, chemical engineers and chemists in 
doing work on coal. If they have not been 
brought up in an atmosphere of coal technology 
—either by exposure to a curriculum in fuel 
technology or a similar course under some other 
title, possibly chemical engineering—they do 
not have an opportunity to absorb an interest 
in fuels. As a result, we do not have research 
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men and industry does not have technicians 
interested in fuel utilization. I think it is impor- 
tant that the A.I.M.E. as an organization, and 
particularly the Coal Division, give considera- 
tion to this matter. 

Yesterday at the Coal Division meeting a 
resolution was passed, I believe, to the effect 
that this Division sponsor fellowships in mining. 
I think it is almost as important that we also 
consider the utilization angle. 


S. P. Burke,* New York, N. Y.—Those of 
us who have been interested in research as a 
profession and as an industry will be particu- 
larly pleased, I think, and will recognize the 
fact that Mr. Lesher certainly did do a job of 
research on research. He has certainly gone into 
the subject of research and its possibilities very 
carefully. 

I would like to add a few statistics to the 
general record, not because they are practical 
of attainment but because I think they are 
interesting. The coal industry at the present 
time is approximately a billion dollar industry 
in terms of its output. If that industry were to 
proceed, as far as research is concerned, as do 
those industries in the United States that 
devote smaller amounts of money to research, 
it would be putting about one per cent of that 
money, or one per cent of its sales value, into 
research. That would be ten million dollars. 

If, on the other hand, it were as research 
minded as the chemical industry, it would be 
devoting about 3.5 per cent to research, or cer- 
tainly something over thirty million dollars. — 

I am sure that Mr. Eavenson wishes there 
were some way to make those figures seem 
practical and significant to the coal industry. 
I recognize that such expenditures are quit 
impossible of attainment at the present time, be 
but they are interesting to consider. 

Another point I should like to add is that the 
coal industry has always had a further eco- 
nomic difficulty. In selling its product to the 
consumer the coal industry has certainly been 
selling—or, rather, the consumer has had to 
buy more freight than he buys coal. The prob- 
lem of transportation of coal to the consumer 
has always so greatly affected the economics 
of the coal industry that it too has its effect on 
the general research problem. It seems to me, 
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therefore, that another subject for considera- 
tion in any broad research program would be 
the subject of coal transportation, either in the 
form in which it is mined or in modified forms. 


A. C. FIELDNER,* Washington, D. C.—Mr. 
Lesher has made a timely and thoughtful 
contribution to the appraisal of coal research 
and its value to the producers and consumers 
of coal. His opinions deserve serious considera- 
tion because of his broad experience in dealing 


_ with coal and the coal industry. His service in 


the United States Geological Survey and with 


the John Hays Hammond Coal Commission - 


gave him an intimate knowledge of the produc- 
tion of coal in all parts of the United States 


_ and of the economics of the industry. His sub- 
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sequent work in the preparation of coal and in 
the development of new processes for the pro- 
duction of smokeless fuel and the recovery of 
by-products gives him a practical point of view 
in judging the value of research as a means for 
improving the economic status of the coal 
industry as well as increasing the usefulness of 
the industry in providing better and more 


valuable products. 


Until comparatively recent years, most of 
the coal research of this country was conducted 
by the Federal Bureau of Mines, certain state 
geological survey and university laboratories, 
and a few industrial and endowed research 
organizations. Only a very few coal operating 


companies conducted any technical research 


worthy of the name. Naturally, much of the 
coal research of former years was concerned 
with the occurrence, composition, and prop- 
etties of coals and efficiency in utilization 
rather than the immediate commercial prob- 


lems of the coal producer in maintaining his 


markets and manufacturing new products from 
coal. Such research needs the direct support of 
the coal industry. It should be conducted both 
by the individual companies and by association 
of coal and fuel-equipment companies in a 


- common effort. 


Fortunately, this new phase in coal research 
has now arrived in this country as well as in 
Great Britain. Bituminous Coal Research, Inc., 
has embarked on a $2,500,000 program cover- 
ing a period of five years supported by yearly 
subscriptions from the bituminous coal indus- 


* Chief, Fuels and Explosives Service, U.S. 
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try. The anthracite operators likewise have an 
important research program in progress, and in 
Great Britain the British Coal Utilization 
Research Association has announced that its 
total funds obtained from Government and 
industry for the past year exceeded 200,000 
pounds. Great Britain is spending considerably 
more money for research per ton of coal mined 
than is the United States. 

Iam glad to see this rapidly growing interest 
of the industry in supporting its own research. 
It should ensure proper attention to practical 
problems, which will give more or less imme- 
diate results. Industry also should give finan- 
cial support to fundamental scientific research 
pertaining to coal and its products at universi- 
ties and research institutes. The schools, espe- 
cially, need support to train men for coal 
research. 

Governmental agencies, state and national, 
probably will continue to do considerable coal 
research of a fundamental and long-range 
nature. Much of it will relate to conservation 
of men and resources in the coal industry. 
Some competition in research will occur be- 
tween different agencies, and this is not without 
advantage in spurring on the workers in this 
great field of endeavor. 


J. E. Tosry,* Fairmont, W. Va.—The 
bituminous coal industry surrendered its 
birthright to become a manufacturing industry 
during the transition from the beehive to the 
by-product coke oven. (There are probably 
good and sufficient reasons for this situation.) 
The petroleum industry chose the other path, 
and it has become a great manufacturing indus- 
try as well as a producer of basic raw material. 
Thus the pattern has been set. 

The petroleum industry will manufacture 
oils and gasoline from coal. The chemical 
industry will manufacture synthetic rubber, 
plastics and tens of thousands of new com- 
pounds from coal. As plastics encroach on the 
fields of steel, tin, paper, wood, glass and 
textiles, this group of manufacturing industries 
will probably engage in the rolling, pressing, 
hammering, casting, extruding and weaving of 
this newcomer. The steel industry and mer- 
chant plants will continue to manufacture coke 
from coal. 


* Director, Coal Bureau, Upper Monongahela 
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Now the question is: Where does this leave 
the coal industry? The answer is obvious. In 
the present cycle, the coal industry will remain 
a basic raw-materials industry. There are, 
however, two important trends, which will 
affect it physically: 

1. Increase in captive coal reserves. (The 
manufacturing industries that use coal by- 
products will undoubtedly safeguard their 
sources of raw material by the purchase or long 
lease of coal reserves.) 

2. Increase in the corporate size or manage- 
ment of coal holdings in noncaptive mines. 

It is interesting and significant to note that 
the trend is definitely downward for captive 
holdings by concerns such as utilities and 
manufacturers whose principal use of coal is 
for fuel purposes. Thus the differentiation— 
the captive tonnage trend is upward for by- 
product coals and downward for fuel coals. 

An appraisal such as this is necessary before 
the matter of research can be properly con- 
sidered for the coal industry. From this 
appraisal, the following deductions can be 
made: 

1. Cooperative research by the coal industry 
has definitely received the green light to pro- 
ceed on work to improve the fuel uses of coal. 
This is its primary function, and it should 
include the closest collaboration of equipment 
manufacturers. 

Fuel uses is a large field, embracing residen- 
tial heating, steam generation and industrial 
processes, carbonization and gasification. 

2. Fundamental and industrial research 
should both be carried on in the interest of fuel 
uses. 

3. Fundamental research should be em- 
ployed to ‘‘spark” the development of new 
nonfuel uses for coal and its findings should be 
passed on to the manufacturing industries. 

4. Wherever coal utilization is retarded by 
the existence of a ‘‘no man’s land,” the coal 
industry should do research work in that area. 

5. Greater than the need for research will 
always be the need for mass application of the 
findings of research. 


P. D. Footr,* Pittsburgh, Pa.—The excel- 
lent summary of Research for the Coal Indus- 


_ * Gulf Research and Development Corpora- 
tion. Discussion reprinted from Min. and Met. 
(June 1944). 


RESEARCH FOR THE COAL INDUSTRY 


try by C. E. Lesher seems to me a pathetic 
record and a most serious indictment of the 
industry and its officials. No wonder that the 
various financial advisory agencies are recom- 
mending this temporary boom period for the 
unloading of coal securities, the taking of losses, 
and conversion of what remains to the dis- 
appointed investors, into securities of corpora- 
tions showing some initiative and responsibility 
for the future. Seven hundred thousand dollars 
for the entire coal research of this nation, of 
which more than half comes from the Govern- 
ment and a good part of the rest from industries 
unrelated to coal—these are astonishing state- 
ments! The research expenditure of all agencies — 
combined amounts to one tenth of a cent per 
ton of mined coal. 

Many progressive chemical companies spend 
5 per cent of gross sales on chemical research. — 
We may thank Heaven that the petroleum 
interests have not followed the precedent of the 
coal people, for had this been the case, the 
current war might have been terminated with 
Americans as slaves. The petroleum industry 
has been managed by officials who appreciate — 
their responsibility to the nation, to their 
employees, and to their corporate stockholders, 
and who realize that this is an age of scientific 
development requiring intensive research to 
keep abreast of the times. Many small petro- 
leum companies spend more for research than 
the entire coal industry, and the larger here 
leum corporations are dealing in figures which © 
to the coal man must appear astronomical. _ 

The coal industry should mean more than a 
mere mining and excavation enterprise. On the 
same basis the petroleum industry would be 
content with bringing crude oil to the surface 
of the ground and would hand over the intri- 
cate problems of modern refining, transporta- 
tion, marketing, and the like to independent 
agencies, ; 

Coal, to the probable astonishment of the 
coal-industry executive, is almost on the 
threshold of a brilliant future in this nation’s 
history. Five cents per ton of coal mined would — 
mean 33 million dollars a year for research. In — 
view of the accumulated deficit of fundamental 
technical knowledge, this is not an unreasonable 
sum to devote to coal research. The money 
should be continued over a period of at least 
fifteen years before major results could be 
expected. The work would lead, the industry in- 
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to chemical and engineering enterprises and 
even into a moderate tonnage of chemical 
by-products, of which aspirin might be a good 


- starting point for many of the present officials. 


Fortunately we do have in this country 
industrial leaders of vision, who feel a responsi- 
bility to the public, to the nation, to employees, 
and to investors, and these men will take the 


Discussion on Hydrogenation of Coal 


I have wondered why it would not be feasible 
to produce water gas from a Lurgi char, and 
not use the Bergius process. It seems to me 
more economical. I wonder if Dr. Fieldner 
agrees with that theory? 


A. C. FIetpNER.—The Lurgi process is 


- used in Germany to carbonize brown coal. 


The char from that process is used for making 
water gas for the Fischer-Tropsch process. In 


375 


coming play away from the coal industry, 
allowing the latter to continue, as at present, 
in its capacity as underground excavators 
groping in the dark. 

What the coal industry needs are leaders 
and corporate oflicials who recognize the 
potential value of research and are willing to 
spend money for long-range development. 


and Lignite (Continued from page 362) 


some of the German plants the low-temperature 
tar goes to the Bergius plants for hydrogena- 
tion and the char gas to the Fischer-Tropsch 
plants for synthetic fuels. Is that correct, 
Mr. Cooke? 


M. B. Cooxz.—I believe that is correct 
and looks like a balanced operation to me. 


A. C, Frr_tpNER.—That is feasible. 
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